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SECTION  I 


INTRODUCTION 

The  Aircraft  Emissions  Estimator  is  a  screening  methodology 
to  indicate  significant  air  quality  impact  from  USAF  aircraft. 
This  report  contains  data  and  guidance  to  perform  these  analyses. 
Annual  and  rnaximum  1-hour  base  aircraft  operations  are  required 
prior  to  performing  an  analysis.  Some  guidelines  to  assist 
environmental  personnel  with  interpreting  the  results  are 
included. 

This  air  quality  analysis  is  not  site-specific.  It  can  be 
performed  by  environmental  personnel  at  any  Air  Force  base,  for 
any  base.  This  report  will  allow  base  personnel  to  conduct 
preliminary  air  quality  impact  analysis  of  beddowns  and  mission 
changes  at  the  base.  If  an  aircraft  air  pollution  problem  is 
indicated,  the  base  should  request  assistance  in  performing  a 
more  detailed  air  pollution  analysis  (e.g.,  air  quality 
assessment  model).  By  screening  aircraft  air  quality  impacts  at 
the  base  level.  Air  Force  manpower  and  resources  can  be  more 
effectively  used. 

This  handbook  supersedes  CEEDO-TR-78-33,  "Aircraft  Emission 
Estimation  Techniques  (ACEE)." 
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SECTION  II 


BACKGROUND 


The  preliminary  assessment  of  USAF  impact  on  the  air  quality 
is  usually  performed  at  base  level.  This  analysis  is  often  an 
update  of  the  aircraft  emissions  inventory.  When  total  aircraft 
emissions  are  computed,  they  are  compared  with  the  total  base 
emissions  inventory.  A  crude  air-quality  analysis  might  be  per¬ 
formed  using  a  "Q"  or  box  dispersion  model.  The  results  of  such 
models  are  inaccurate  and  very  conservative. 


The  base  environmental  personnel  are  usually  required  to  make 
quick  impact  analysis  of  the  direct  aircraft  impact  on  air  qual¬ 
ity.  Since  aircraft  are  the  only  sources  being  investigated,  a 
complex  analysis  of  all  base  emission  sources  (i.e.,  AQAM)  is  not 
required.  In  addition,  the  base  does  not  have  the  resources  to 
spend  on  complex  dispersion  evaluations.  The  base  personnel  only 
need  the  annual  aircraft  emissions  and  "worst-case"  downfield 
pollution  concentrations  to  estimate  the  impact  of  aircraft  on 
air  quality.  This  estimate  gives  base  personnel  an  indication  of 
a  possible  air  pollution  problem.  If  the  estimate  indicates  a 
possible  problem,  a  more  detailed  air  quality  analysis  will  be 
required. 


A  simple  analytical  method  is  needed  to  determine  emissions 
from  aircraft  and  the  impact  of  these  emissions  on  air  quality. 
The  procedure  must  contain  all  the  data  required  to  make  aircraft 
emission  and  air  quality  impact  analysis  and  provide  guidelines 
to  interpret  the  results  with  respect  to  federal,  state,  and 
1 ocal  standards  . 
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SECTION  III 


METHODOLOGY 


A.  AIRCKAFT  ENGINE  EMI SS I ONS FAC  TORS 

Accurate  emi s s i ons dat a  are  required  for  analysis  of  the  air 
pollution  emissions  from  aircraft  engines.  For  this  reason,  the 
Air  Force  conducted  a  3-year  engine  emission  survey  from  1975 
through  1977  (Reference  1).  The  most  common  Air  Force  engines 
were  sampled  using  advance  turbine  engine  emission  measurement 
techniques.  These  emissions  data  are  still  the  most  current  and 
accurate  avai 1 abl e. 


Table  3  contains  emissions  indices  for  common  Air  Force 
aircraft  engines.  Careful  attention  should  be  given  to  the 
references  from  which  the  emissions  data  were  obtained.  The 
Scott  Environmental  Technology  emissions  measurement  data  are 
accurate  to  +  15  percent  of  the  reported  data  (Reference  1).  All 
other  emissions  data  are  extracted  from  other  reports;  no 
specific  accuracy  limits  can  be  assigned  to  these  emissions 
indices. 


Carbon  monoxide  (CO),  hydrocarbons  (HC)  and  nitrogen  oxides 
(NOx)  emissions  were  measured  using  procedures  described  in  the 
5AE  Aerospace  Recommended  Practice  1265.  The  particulate  (PART) 
emissions  were  derived  from  SAE  Smoke  Numbers.  The  Smoke  Numbers 
were  converted  to  mass  per  unit  volume  (Reference  2).  The 
particulate  mass  rates  in  Table  3  were  calculated  using  the  mass 
per  unit  volume  results,  engine  operating  characteristics  and 
mass  balance.  Sulfur  oxides  (SOx)  were  calculated  using  the 
average  percentage  of  sulfur  in  the  fuel  and  assuming  complete 
oxidation  of  fuel  sulfur  to  sulfur  dioxide  (Reference  3). 

Afterburning  engines  in  Table  3  (except  the  J-85)  use  extra¬ 
polated  data  based  on  J-79  afterburner  emissions  data  and  the 
actual  engine  afterburner  fuel  flow  rates  (Reference  4). 

The  aircraft  engi  ne  emissions  factors  in  Table  3  are  expressed 
in  units  of  pollutant  mass  per  100  mass  units  of  fuel  consumed, 
e.g.,  pounds  per  thousand  pounds  or  grams  per  kilogram 
(Figure  1).  The  emissions  factors  and  fuel  flows  are  given  for 
each  engine  mode.  The  engine  thrust  modes  listed  are  the  primary 
modes  used  by  an  aircraft  during  Landing  and  Takeoff  (LTO)  and 
Touch  and  Go  (TGO)  cycles. 
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Figure  1.  EmissiorB  Factors, 


Enissions  calculations  are  not  limited  to  LTO  and  TGO 
cycles.  Others,  such  as  flyby  and  box  patterns  can  be  determined 
by  knowiny  which  modes  are  used  during  the  pattern  and  the  time 
spent  in  each  mode.  The  emissions  factors  discussed  in  the  next 
paragraph  must  be  used  for  this  calculation. 

li.  CALCULATING  EMISSIONS  USING  EMISS  I  ONS  FAC  TORS 

1.  Procedure 

Emissions  (W)  can  be  calculated  for  any  engine  mode 
using  the  aircraft  emi s s i ons factors  in  Table  1.  Engine  Mode  (E), 
Time  in  Mode  (t),  and  Number  of  Engines  (N)  are  the  only  input 
parameters  required  to  calculate  emissions.  The  Engine  Mode  Fuel 
Flow  (F)  and  Emission  Factor  (e)  are  obtained  from  Table  3.  The 
engine  modal  emissions  are  calculated  by  Equation  (1). 

W  =  NFte  =  g  of  Pollutants  (1) 


Emissions  must  be  calculated  for  each  pollutant  type  under  con¬ 
sideration,  and  each  engine  mode  must  be  calculated  separately. 

Accurate  time  in  mode  data  is  required.  Doubling  the  time 
in  mode  will  double  the  amount  of  emissions. 

The  times  in  mode  during  each  phase  of  the  LTO  and  TGO 
cycles  is  recorded,  and  should  be  collected  for  each  aircraft. 
Aircraft  should  be  timed  during  peak  operational  periods  to  get 
representative  data.  An  average  of  the  time  phase  should  be  used 
as  the  time  spent  in  that  phase.  Pilot  interviews  are  less  time- 
consuming,  but  usually  much  less  accurate.  If  no  data  are  avail¬ 
able,  Table  4  can  be  referenced  for  example  times. 

To  calculate  emissions  using  the  factors,  the  following 
steps  should  be  taken: 


a.  Determine  the  aircraft  in  question,  then  find  its 
associated  engine  in  Table  1.  The  number  of  engines  (n)  are  also 
listed  in  Tabl e  1 . 

b.  Determine  the  desired  engine  mode  (E).  Table  2  can 
provide  some  guidance.  The  user  must  know  the  length  of  time 
spent  in  this  mode  ( t  )  . 

c.  From  Table  3,  listed  by  engine,  determine  the 
correct  fuel  flows  (F),  and  emission  factors  (e). 


d.  Calculate  pollutants  using  Equation  (1). 

W  =  N  Ft  e 

Emissions  must  be  calculated  for  each  pollutant  type  under  con 
sideration,  and  each  engine  mode  must  be  considered  separately 

e.  Calculate  total  emissions  for  each  pollutant  by 
adding  the  results  from  each  engine  mode. 


TABLE  1.  USAF  AIRCRAFT  AND  ENGINES 

NUMBER  OF 


AIRCRAFT 

ENGINE 

ENGINES 

LTO/TGO  CHART 

A-7li,K 

TF-41-1  (ALLISON) 

1 

A-1 

A-lOA 

TF-34-100(GE) 

2 

A-1 

AC-130A 

T56-9  (ALLISON) 

4 

AC-130H 

T56-15  (ALLISON) 

4 

B-IA 

F  101-100  (GE) 

4 

A-19 

B-IB 

F-101-102  (GE) 

4 

B-52n 

J-57-19W  (P&W) 

or  J-57-43WB  (P&W) 

8 

A-2 

B-52H 

TF  33-3  (P&W) 

8 

A-3 

C-5A,B 

TF  39-1  (GE) 

4 

A-4 

C-9A 

JT8D-9  (P&W) 

2 

A-5 

C-12A 

PT6A-41  (P&W) 

2 

C-21A 

TFE731-2  (GARRETT) 

2 

C-130A 

T  56-9  (ALLISON) 

4 

A-6 

C-130B 

T  56-7  (ALLISON) 

4 

A-6 

C-130U 

T  56-9  (ALLISON) 

4 

A-6 

C-13UE 

T  56-7  (ALLISON) 

4 

A-6 

C -  1 30H 

T  56-15  (ALLISON) 

4 

A-6 

C-135A 

J  57-59W  (P&W) 

4 

C-135  B  ,C 

J  57-43  WB  (P&W) 

4 

A-7 

C -  14UA 

J60-5A/B  (P&W) 

4 

C -  141A  ,B 

TF  33-7  (P&W) 

4 

A-8 

C  T-39A 

J60-3A  (P&W) 

2 
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TABLE  1.  USAF  AIRCRAFT  AND  ENGINES  (CONTINUED) 


AJRCRAJJ 

ENGINE 

DC-130A 

T56-9  (ALLISON) 

E-3A 

TF33-100A  (P&W) 

E-4A,B 

F103-100  (GE) 

EC-130E 

0  r 

T  56-7  (ALLISON) 

T  56-15  (ALLISON) 

EC-130H 

T  56-15  (ALLISON) 

EC-135A 

J  57-59W  (P&W) 

EC-135B 

TF  33-5  (P&W) 

EC-135C 

TF  33-9  (P&W) 

EC-135E 

TF  33-102  (P&W) 

EC-135G 

J57-59W  (P&W) 

EC-135H 

TF  33-102  (P&W) 

EC-135J 

TF  33-9  (P&W) 

EC-135K 

TF  33-102  (P&W) 

EC-135L 

0  57-59W  (P&W) 

EC-135N 

J57-43WB(P&W) 

EC-135P 

TF  33-102  (P&W) 

F-4C  ,  D 

J  79-15  (GE) 

F-4E  ,G 

J  79-17  (GE) 

F-5B 

J  85-13  (GE) 

F-5E  ,F 

J  85-21  (GE) 

F-15A,B  ,C  ,  D 

FlOO-lOO  (P&W) 

F-16A,B 

FlOO-200  (P&W) 

NUMBER  OF 

ENGINES  L_T£/ TOO  CHART 

4 
4 
4 
4 


4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

2 

2 

2 

2 

2 


A-10 
A-10 
A-1 1 
A-11 
A-13 


1 


A-13 


TABLE  1.  USAF  AIRCRAFT  AND  ENGINES  (CONTINUED) 

NUMBER  OF 


AIRCRAFT 

ENGINE 

ENGINES 

LTO/TGO  CHART 

F-106A,B 

J75-17  (P&W) 

1 

A-9 

F-lllA 

TF  30-3  (P&W) 

2 

A-11 

F-lllD 

TF  30-9  (P&W) 

2 

A-12 

F-lllE 

TF  30-3  (P&W) 

2 

A-12 

F-lllF 

TF  30-100  (P&W) 

2 

A-12 

FB-lllA 

TF  30-7  (P&W) 

2 

HC-130H,N,P 

T56-15  (ALLISON) 

4 

KC-lOA 

F103-100  (GE) 

3 

KC-135A, D 

J57-59W  (P&W) 

4 

A-7 

KC-135E 

TF33-102  (P&W) 

4 

KC-1350 

J57-59W  (P&W) 

4 

KC-135R 

F108-100  (GE) 

4 

MC-130E 

T56-15  (ALLISON) 

4 

NC-135A/ 

NNC-135A 

J57-43WB  (P&W) 

4 

NC-131H 

501-D13H  (ALLISON) 

2 

NC-39A 

J60-3A  (P&W) 

2 

NC-141A 

TF33-7  (P&W) 

4 

NF-106B 

J75-17  (P&W) 

1 

0-2A  ,B 

10-3600  (CONT) 

2 

A-14 

UA-37B 

J85-17A  (GE) 

2 

OV-lOA 

0  r 

T76-10/418  (GARRETT) 
T76-12/419  (GARRETT) 

2 

A-15 

RC-136M,S 


TF33-5  (P&W) 
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TABLE  1.  USAF  AIRCRAFT  AND  ENGINES  (CONTINUED) 


NUMBER  OF 


AIRCRAFT 

ENGINE 

ENGINES 

LTO/TGO  CHART 

RC-135T 

TF33-102  (P&W) 

4 

RC-135  U.V 

TF  33-9  (P&W) 

4 

RC-135W 

TF33-5  (P&W) 

4 

RF-4C 

J79-15  (GE) 

2 

SR-71A 

J58  (P&W) 

2 

T-33A 

J33-35  (ALLISON) 

1 

A-16 

T-37B 

J69-25  (TCAE) 

2 

A-17 

T-38A,B 

J85-5  (GE) 

2 

A-17 

T-39A,B 

J60-3A  (P&W) 

2 

A-18 

T-41A 

0300D  (CONT) 

1 

A-18 

T-41B 

I0300D  (CONT) 

1 

A-18 

T-41C 

I0360D  (CONT) 

1 

Axl8 

T-43A 

JT8D-9  (P&W) 

2 

T-46A 

F109-100  (GARRETT) 

2 

TR-1A,B 

J75-13  (P&W) 

1 

U-2 

J75-13  (P&W) 

1 

UC-123K 

R2800-99W  (P&W) 

2 

and  J85-17  (GE) 

2 

UV-18B 

PT6A-27  (P&W) 

2 

VC-131 D 

R2800-103W  (P&W) 

4 

VC-137B  ,C 

JT3D-3B 

4 

VC-140B 

J60-5A/B  (P&W) 

4 

WC-130E 

T56-7  (ALLISON) 
or  T66-15  (ALLISON) 

4 
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TABLE  1.  USAF  AIRCRAFT  AND  ENGINES  (CONCLUDED) 


AJR£RAFJ 

ENGINE 

NUMBER  OF 
ENGINES 

LTO/TGO  CHART 

WC-130H 

T56-15  (ALLISON) 

4 

WC-135B 

TF  33-b  (P&W) 

4 

ALLISON  (AL)  -  ALLISON 
CONT  -  CONTINENTAL 
GARRETT  (GA)  -  GARRETT 
GE  -  GENERAL  ELECTRIC 
P&W  -  PRATT  &  WHITNEY 


TCAE  -  TELEDYNE  CAE 


TABLE  2.  OPEKATIONAL  MODES  IN  THE  ARRIVAL  DEPARTURE  PATH 


Operational  Mode 

Ji’ ^  ^  s  t  Setting 

Start  up 

Idle 

Outbound 

taxi 

Id  1  e 

Engine  check 

Mi  1 i ta  ry  1 

Runway  rol 1 

Afterburner^ ( Except  F-16) 

Cl i mbout 

1 

Afterburner^ 

Cl i mbout 

2 

Military 

Approach 

1 

Idle 

Approach 

2 

Idle 

Landing 

on  Runway 

Idle 

Inbound 

Tax  i 

Idle 

Idle  at  shutdown 


Idle 


TABLE  3.  ENGINE  EMISSIONSDATA 


FUEL  POLLUTANT  EP I SSI ON  RATE 


ENGINE 

ENGINE 

M03E 

FLCU 

KG/S 

lOCO  LB/HR 

'O' KG  FUEL  0 
CO  MC 

R  L3S/ 
NCX 

1300  L2S  1 
PART 

501  013H 

IDLE 

;  AL  * 

APPROACH 

NO  DATA 

AVAILABLE 

INTEPMED 

hilitapy 

r lOC-lCC 

IDLE 

C.  18A 

1 .42A 

24.  OA 

3.2A 

3.3A 

0.  :2N 

?iu ; 

appfoach 

C.33D 

3.00D 

5.3C 

1.9C 

6.7C 

C.27P 

INTERMED 

0.6-4A 

5 .  1 1 A 

:.5A 

0.  lA 

9.  BA 

0.47N 

MILITARY 

i.30A 

1 0 . 32A 

0.9A 

0.  lA 

27.0  A 

0.34N 

AB 

5.8E 

46.01E 

4.  OF 

O.OIF 

3.  IF 

0.  15F 

F'.OC-200 

IDLE 

0.  i3V 

1.04V 

!P>W' 

APPROACH 

USE  FI 00 

-100 

INTERMED 

MILITAPt 

1.33V 

10. 58V 

AB 

5.52V 

51 .r3V 

f::i-:oc 

IDLE 

0.06V 

0.44V 

120. IX 

25.  2X 

7.3X 

0.09X 

;ge) 

APPROACH 

INTEPMED 

military 

1 . 26V 

9.9av 

7.6X 

0.4X 

2.3X 

:.C2X 

AE 

8.41V 

66  4  73V 

16. 7X 

0.  IX 

4.6X 

0.  CSX 

f; ; 1  - 

IDLE 

C.  06V 

3.44V 

CE 

APPROACH 

USE  FlOl 

-100 

INTEPMED 

militapi 

1 .26V 

9. 9SV 

■iB 

S  .  4  1  V 

66.73V 

TABLE  3.  ENGINE  EMISSIONSDATA  (CONTINUED) 


FUEL  POLLUTANT  Er*  I  SSI  ON  PATE 

ENGINE  FLOW  :G/KG  FUEL  OR  LBS/iOOC  Lr 

ENGINE  MODE  KG/3  1000  LB/HP  CO  HC  NCX  PA 


F103-100 

IDLE 

0.19V 

1 . 49V 

!C£; 

APPROACH 

1 . 42V 

1 1.24V 

INTERRED 

military 

2.62V 

20.91V 

FlCe-130 

IDLE 

0.  13U 

^GEi 

"approach 

0. 34U 

INTERMED 

0.93U 

MILITARY 

1 .  12U 

F109-100 

IDLE 

■  GA 

APPROACH 

INTERMED 

MILITAPf 

;C300D 

IDLE 

'.CONTI 

APPROACH 

INTEPMED 

MILITARY 

losecD 

IDLE 

0.  OIM 

0.03M 

( CCNT ) 

APPROACH 

0.  OIH 

0.06M 

APPROACH 

c .  c ;  H 

0. 04H 

1  ''JTEP''£D 

0.  ::m 

0.  orn 

'"ILlTAPr 

0.01 

0.09M 

30. 4T 

-15. 9T 

2 . 5T 

5.4T 

1.4T 

10.  IT 

0.2T 

:.CT 

34.  OT 

24. 7W 

1 .  irw 

4.  12W 

3.4W 

0.  lOUl 

s.e2w 

0.9W 

0. 04W 

ir.  lew 

0.9U 

0.04UI 

21.05W 

NO  DATA  AVAILABLE 


NO  DATA  AVAILABLE 


348. OM 

145. OM 

1 .  :m 

6  0.!^ 

945. 9M 

25. 5M 

5. 5M 

•iC  . 

879. OM 

70. 6M 

- 

«se  f- 
.  •  •  .w  » 

S~2.  C'«' 

I’.  4M 

6  .  £'• 

40.  D'' 

1030. OM 

22. 5M 

5.  3M 

20 . 0**^ 

01  (t. 


TABLE  3.  ENGINE  EMISSIONSDATA  (CONTINUED) 


FUEL  POLLUTANT  EMISSION  RATE 


ENGINE 

ENGINE 

flOEE 

FLOW 

KG/S 

1000  LB/HR 

CO 

G/KG  FUEL 
HC 

OR  LBS/IOOC  L5S  F.EL'- 
NOX  PART 

J33-35 

ISLE 

0.  ISA 

1.20A 

127. OA 

19. 5A 

1.5A 

0.73N 

1  AL) 

APPROACH 

0.25H 

2.00H 

34. 6C 

6. SC 

1.9C 

0.57P 

INTERMED 

0.60A 

4.75A 

49.  lA 

1.3A 

2.7A 

0.02N 

military 

0.70A 

S.52A 

31. 3A 

O.SA 

3.6A 

0.02M 

J3-- :9w 

IDLE 

0.  12A 

0.95A 

79.  OA 

77.0  A 

2.2A 

0.  16N 

.  PS(U  ) 

APPROACH 

0.421 

3.381 

7.9C 

1.4C 

5.  SC 

0.93P 

INTEPMES 

0.82A 

6.S0A 

2.4A 

0.2A 

9.5A 

1 .92N 

military 

0.94A 

7.47A 

1.9A 

0.  lA 

11.  OA 

1.72N 

WATER  AUG 

1.S3J 

12. 13J 

21.  IJ 

2.2J 

2.7J 

1.B9J 

J5r-43UB 

IDLE 

0.  12A 

0.99A 

78.  OA 

75.  OA 

2.2A 

0.  14N 

(PSU) 

APPROACH 

0.23K 

1.85K 

9.7C 

1.8C 

5.3C  • 

0.52P 

APPROACH 

0.231 

1.S5I 

24.  OC 

9.2C 

3.6C 

0 . 293P 

INTERMED 

0.84A 

6.69A 

2.3A 

0.  lA 

9.9A 

1.23N 

MILITARY 

0.98A 

7.7SA 

1  .SA 

'  0.  lA 

11.  OA 

1 .74N 

WATER  AUG 

1 .53J 

12. 13J 

2! .  IJ 

2.2J 

Z.7J 

22. 5R 

w'3:’-59W 

IDLE 

0.  16J 

1.2SJ 

65.  OJ 

52. 9  J 

2.4J 

0.  13R 

:Pi.J: 

APPROACH 

0.23K 

1 .8SK 

32. 3B 

14. 2E 

3.3B 

0.22S 

INTEPMED 

0.49J 

3.87J 

8.9J 

1.  IJ 

6.  IJ 

0.6CP 

military 

1  •  OCwf 

7.90J 

2.4J 

0.2J 

11.3J 

O.BAR 

WATER  AUG 

1 .53J 

12. :3J 

21.  IJ 

2.2J 

2,7J 

22.  5R 

J53 

IDLE 

CLASSIFIED 

PSUi  APPPCACh 

INTEPMED 
MILITAPr 
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TABLE  3.  ENGINE  EMTSSIO^B DATA  (CONTiNUED) 


ENGINE 

ENGINE 

MODE 

FUEL 

FLOW 

KG/S 

toco  LB/HR 

POLL 
iC/IG  FUEL 
CO  HC 

UTANT  EM IBS 

0=  LBS/ ;o: 

NOX 

ION  PATE 
0  _ES  r. 
PART 

J6C-03A 

IDLE 

0.  C7V 

0.58V 

70.  OA 

9. 2A 

1 .5A 

0. 02N 

(P»<W) 

APPROACH 

0. 07C 

0.52C 

50. 5C 

5.6C 

1 . 7C 

0. 02F 

INTEPMED 

0.  IBA 

1.43A 

S.SA 

0. 2A 

4.  OA 

0 . 23N 

military 

0.43V 

2.88  V 

4.  OA 

0.  lA 

4. 6A 

0.  17N 

j6c-;ta/b  idle 

0. 06A 

C.4GA 

70.  OA 

9. 2A 

1 .5A 

0 . 02N 

.PkU) 

APPROACH 

C.  07C 

0.52C 

50. 5L 

5.6L 

1 .7L 

0. 02F 

INTEPMED 

0.  ISA 

1 . 43A 

5.3A 

0.2A 

4.  OA 

0.23N 

MILITARY 

0.31A 

2.47A 

4.  OA 

0.  lA 

4. 6A 

0.  17N 

J69-25 

IDLE 

0.029A 

C.231A 

129. OA 

19. OA 

1 .5A 

0.55N 

iTCAE) 

APPROACH 

0. 04A 

0 . 288A 

106. 9A 

1 1 .  lA 

1.7A 

0.28N 

JNTERMED 

0. 09A 

0.70A 

50.  OA 

t.3A 

2.7A 

0. 02N 

MILITARY 

0.  14A 

1 .  tOA 

32.  OA 

O.SA 

3.6A 

0.02N 

-'75-13 

IDLE 

CLASSIFIED 

(PtW)  APPROACH 

INTERHED 
MILITARY 


J75-17 

IDLE 

0.20A 

1 .55A 

36.0  A 

72. OA 

2. 3A 

C  .  23N 

1  Fc/U) ) 

APPROACH 

0. 44K 

3.50K 

17. 5C 

5.  2C 

4. 5C 

0. 44P 

MILITARr 

1 . 63A 

12.94A 

1.3A 

0.  lA 

12.  OA 

1 

1  .  OEN 

A6 

6.77A 

53. 70A 

4.  OF 

0.  OlF 

5.  IF 

0.  15F 

J75-19W 

IDLE 

C.20A 

1.5BA 

62.  OA 

38.  OA 

2.6 

0.23N 

<  PS<W  1 

APPROACH 

0 . 22K 

5.50}. 

17. 5C 

5.2C 

4.32 

0. 44F 

.  INTEPMED 

1 . 09A 

S.64A 

1 . 9A 

0. 3A 

3.  OA 

1 .  C4rg 

military 

1 .71A 

;3.60A 

1.5A 

0. 3A 

10.  DA 

1  ,  04N 

AB 

4.54A 

36. CIA 

4.  OF 

0.  OIF 

3.  IF 

0.  ;5F 

TABLE  3.  ENGINE  EMISSIOJ^DATA  (CONTINUED) 


FUEL  POLLUTANT  EMISSIOrj  RATE 


ENGINE 

ENGINE 

nODE 

FLGU 

V,G/S 

1000  LB/HR 

‘  c 

CO 

/EC  FUEL 
HC 

OR  L?s/i: 
NCX 

IOC  LEb  p 

PART 

j:’9- 15 

IDLE 

0.  MA 

1.  13A 

57.  OA 

12.  OA 

2.5A 

C.SN 

(GE  ' 

APPROACH 

0. 44D 

3. SOD 

9.4C 

1 .  1C 

4.8C 

1 .8P 

INTERMED 

o.saA 

5. 36A 

4.6A 

0.3A 

5.6A 

2.SN 

MILITARY 

1  .  12A 

S.93A 

2.2A 

0.2A 

e.9A 

2.2N 

AE 

4. 06A 

32.24A 

4.  OF 

0.  OIF 

3.  IF 

0.  15F 

j  -  9  -  17 

IDLE 

0.  ISL 

1 . 06L 

SB.  i 

23.  IL 

2.7L 

0.  ISL 

•  GE) 

APPROACH 

0.44D 

3. SOD 

15. 4L 

0.5L 

4.5L 

0.51L 

IN’ERMED 

C.SSL 

7.00L 

7.aL 

0.  IL 

5.8L 

0.r2L 

military 

1 .24L 

3.a2L 

5.2L 

0.  :l 

10. 6L 

0.92L 

AB 

4.40F 

34.9SF 

4.  OF 

O.OIF 

3.  IF 

0. 15F 

J35-05 

IDLE 

0. 06A 

0.45A 

178. OA 

30. OA 

1.3A 

0. C03N 

(GE 

APPROACH 

0.  13D 

l.OOD 

73.60 

6.4C 

1.8C 

0.007P 

APPROACH 

0.  13H 

1 .46H 

43.  OC 

3.5C 

2.3C 

C. 01  IP 

intermed 

0.2SA 

I.  ASA 

43.  CA 

3.5A 

2.3A 

0. 01 lA 

military 

0.33A 

2.63A 

29.  OA 

O.SA 

2.6A 

0 . 0 1 8A 

AB 

1 . 05A 

8.32A 

26.  OF 

0.  07F 

2.  OF 

0. 008F 

JS5- :  3 

IDLE 

0.07V 

0.35V 

'  GE 

APPROACH 

USE  JS5 

-5 

INTEPMED 

military 

0. 35V 

2.ecv 

Ac 

1  .  :  3v 

3. 9av 

.£5-;'- 

IDLE 

0  .  07v 

: .  58V 

'  GE  . 

APPROACH 

USE  J85 

-5 

:  ‘jTEPrE 


TABLE  3.  ENGINE  EMISSIOtC  DATA  (CONTINUED) 


FUEL 


ENGINE 

ENOI'.E 

MODE 

FLOw 

K  C  /  S 

1000  LB/l 

285-21 

IDLE 

0.  07V 

o.sav 

ICE) 

APPROACH 

INTER MED 

MILITARY 

0.44V 

3.30V 

AB 

1 . 37V 

10.88V 

JT3B-3B 

I DLE 

0.  14V 

1 .  1 IV 

i  Psu ) 

APPROACH 

0. 52U 

4. 14U 

fNTERMED 

MILITARY 

1 .21V 

9.63V  ■ 

JTaD-09 

IDLE 

0.  18V 

1.44V 

3 

0. 

APPROACH 

0.43U 

3.41U 

INTEPMED 

MILITARY 

1 . 09V 

8.63V 

03COD 

IDLE 

•CONT) 

APPROACH 

INTERNED 

MI  LI  TAP  r 

PT6A-2r 

IDLE 

'  p-.g ) 

APPROACH 

INTEMED 

MlLITAPr 

?T6A -  4 1 

IDLE 

(  P8<W  1 

APPROACH 

INTEP'^EL 

fllLITARi 


POLLUTANT  ElISSiCN  PA^E 


(G/l 0  r.EL 

OF  LE5  ; 

1  0  C'  J  1.1  E 

CO 

HC 

NOX 

FAFT 

158. 9L 

24  •  3L 

1 . 3L 

USE  285 

-5 

21 .6L 

0.2L 

5.  OL 

1 25 . OU 

113.  lU 

!  •  6u 

C.52U 

9.6U 

1 . 3U 

5. 3U 

1  .  5E' 

1.  lU 

0.4U 

1 3 . 7U 

c.reu 

34.au 

7.3U 

3.  OU 

0.3SU 

5.3U 

0.5U 

9.  lU 

0. 44U 

0.9U 

0.  lU 

22. 6U 

C.42L 

NO  CATA  AVAILABLE 


NO  data  available 


NO  data  available 
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TABLE  3.  ENGINE  EMISSIONSDATA  (CONTINUED) 


ENGINE 


FUEL  POLLUTANT  EMISSION  RATE 

ENGINE  FLCU  IC/KC  FUEL  OP  LES/IOOC  L?S  FUEL. 

MODE  KC/S  1000  LB/HR  CO  nC  NOX  FART 


P2S0C-099WIDLE 
(PJtW)  APPROACH 

INTERMEC 
MILITARY 
r.2£00-103WICLE 
;PSJ:  APPROACH 

INTERMEO 
Military 


TT6-or  IDLE 

0. 09A 

0.72A 

'AD  APPROACH 

0.  toe 

0.830 

INTERMEE 

0.23A 

t.SSA 

MILITARY 

0.25A 

t.SGA 

T56-09  IDLE 

0.  lOV 

0.80  V 

' AL '  APPROACH 

INTERMED 

MILITARY 

0.24V 

1.87V 

T5£-:5  IDLE 

0.  lOV 

0.80V 

' AL  APPROACH 

INTERMED 

military 

0.29  V 

2.30V 

;0.'4;SIDLE 

0. 03L 

0.23L 

GA  APPPCACh 

C.  062 

0.452 

INTERMED 

0.  lOL 

0.  SOL 

military 

0.  1  IL 

0.90L 

NO  DATA  AVAILABLE 


NO  DATA  AVAILABLE 


32.0  A 

21.  OA 

3.9A 

0.83N 

22.  2C 

12. 4C 

4.4C 

0.97P 

2.4A 

o 

Ul 

9.2A 

0.51N 

2.  lA 

0.4A 

9.3A 

0.50N 

USE  T56r07 


USE  T56-07 


23.  BL 

7.4L 

7.  4L 

0.3SL 

17. 2L 

CO 

o 

3.SL 

0.50L 

5.9L 

0.  IL 

9.9L 

0.63L 

2.3L 

0.  IL 

10. 3L 

0.71L 
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TABLE  3.  ENGINE  EMISSIONS  DATA  (CONTINUED) 


r.  > 

r.:- 

r.  - 

fs 

i 

r  » 

»  . 

V' 

i 

L\' 


k-; 


ENGINE 

ENGINE 

M0‘  1 

FUEL 
FLCU 
r'  G  /  S 

1000  L.B/HP 

POLLL 

!G/KC  FUEL 
CC  r*C 

TANT  E"": 
OP  LES  ■ : 
NCX 

1=5  ION  RA' 

'  r\  r  «  r  c  1 

r  Ar  T 

r~6-  :2.'4i 

9  IDLE 

0.  05V 

0 . 39V 

(CA) 

APPROACH 

USE  T76- 

10/418 

INTERNED 

military 

0.05V 

0.43V 

TF30-03 

IDLE 

0.  1  lA 

C.S5A 

72.  OA 

62.  CA 

2 . 3A 

: .  0 1 N 

Pf.W) 

APPROACH 

0.26D 

2.  ICD 

9.2C 

2.  1C 

4.  SA 

0.  05N 

INTERNED 

C.62A 

4.93 

1 . 3A 

0.  lA 

9. 4C 

:.45P 

MILITARY 

O.TSA 

6.  ;5A 

O.SA 

0. 03A 

12.  OA 

0. 40N 

AB 

4.84A 

38. 4CA 

4,06F 

O.OIF 

3.  IF 

0.  15F 

TF30-07 

IDLE 

0.  12A 

0.95A 

53.  OA 

30.  OA 

3.  OA 

0. 02N 

1  P8<W  ) 

APPROACH 

0.26D 

2.  lOD 

11. 3C 

3.2C 

6. 1C 

0.  12N 

INTERNED 

0.72D 

5.71A 

1.2A 

0.2A 

14.  OA 

0. 44N 

MILITARY 

0.91A 

7.26A 

O.SA 

0.  lA 

20.  OA 

0. 35N 

AB 

4.84D 

38.40A 

4.  OF 

0.  OIF 

3.  IF 

C.  I5F 

TF50-09 

IDLE 

0.  12V 

0.96V 

(  P^-  W) 

APPROACH 

USE  TF30 

-07 

INTERNED 

military 

1  .  lOV 

8. 65V 

AB 

6 .  srv 

54.50V 

TF30- ! 00 

IDLE 

0.  12A 

C.95A 

43.  OA 

19.  OA 

2  . 

C.  :2N 

.  r^W  ' 

APPROACH 

0.26D 

2.  ICD 

9.9C 

2. 7C 

r  .  ” 

:  .  3SP 

INTERNED 

C.  90A 

i’.  :6A 

0.7A 

C.  1  A 

20.  OA 

0. 52N 

military 

1  .  14A 

9.  OSA 

0 . 7A 

C.  lA 

28.  OA 

0 . 24N 

AE 

6  .  aOA 

54. OOA 

4.  OF 

O.OIF 

3.  IF 

0.  I5F 
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TABLE  3.  ENGINE  EMISSIONS  DATA  (CONTINUED) 


FUEL  POLLUTANT  EMISSION  RATE 


ENGINE 

ELGirjE 

roDE 

FLOW 

KC/S 

1000  LB/HP 

C/KC  FUEL 
CO  HC 

CP  L3S  ■ 
NOX 

1000  LBS  : 
PART 

7F53-005 

ISLE 

0. :  lA 

0.90A 

107.  OA 

84.  OA 

1.8A 

0.23N 

t  PVW  1 

APPROACH 

0.481 

3.aoc 

6.3C 

2.ec 

S.&C 

0.99P 

INTERMES 

0.T9A 

&.24A 

2.3A 

0.7A 

a.sA 

1  .SSA 

niLlTAPr 

0.94A 

?'.44A 

I.7A 

C.6A 

10.  OA 

1 .73A 

TF33-0C5 

ISLE 

0.  14V 

1 .  12V 

■  Pt.  U  ! 

APPROACH 

USE  TF33 

-102 

INTERNED 

NILITAPT 

1.21V 

9.63V 

TF33-0C' 

IDLE 

0.  13A 

1.07A 

93.  OA 

77.  OA 

1 .8A 

0.  I  IN 

(PtrW) 

APPROACH 

0.32C 

2.500 

13. 7C 

3.6C 

3.&C 

0.390 

INTERNED 

0.91A 

7.23A 

1.3A 

0.  lA 

9.4A 

1 .30N 

MILITARY 

1.  lOA 

s.riA 

0.8A 

0. 03A 

12.  OA 

0.91N 

TF33-009 

IDLE 

0.  15V 

1 .  lav 

( F«w; 

APPROACH 

USE  Tr3S 

•102 

INTERNED 

MILITARY 

1.21V 

9.63V 

TF33- :0CA 

IDLE 

0.  I5V 

1 .20  V 

rlW  / 

APPROACH 

USE  TF33- 

-007 

INTERNED 

n:l:tapt 

1 . 43V 

1 1 . '6V 

TF?3-  '.02 

IDLE 

0.14V 

1 .  1 IV 

125. Ot 

113. lU 

1 .6U 

0.5L 

.=>^W  ; 

APPROACr- 

4.14V 

9.eu 

1.9U 

5.3U 

1 . 9L 

INTERNED 

8.96U 

1 .7U 

0.5U 

10. 7U 

0.9U 

military 

1.21V 

9.63V 

1 .  lU 

C.4U 

13. 7U 

0.3U 

TABLE  3.  ENGINE  EMISSIONS  DATA  (CONCLUDED) 


FUEL  POLLUTANT  EMISSION  RATE 


ENGINE 

ENGINE 

MODE 

FLOW 

K  G  /  5 

1000  LB/HR 

(C/ 

cc 

'KC  FUEL 
HC 

OP  LBS /I  000  LBS  FUE 
r.cx  PART 

TF33-102A 

IDLE 

3.14V 

1.  IIV 

125. OU 

1 13. :u 

1 .6U 

O.SU 

(Pt(U) 

APPROACH 

4.  t4U 

9.6U 

1.9U 

5. 3U 

1.9U 

INTERNED 

a.96U 

1 .7U 

0.5U 

10. 7U 

0. 9U 

MILITARY 

1.21V 

9.E3V 

1 .  lU 

0. 4U 

13. 7U 

0.8U 

TF34-:0C 

IDLE 

0.39A 

106. 7A 

34. 3A 

2.  lA 

(Ce; 

APPROACH 

0.92A 

16. 3A 

1 .9A 

5.7A 

IN-TERMED 

0.46A 

78. OA 

20. 3A 

2.6A 

MILITARY 

2.71A 

2.2A 

0.  lA 

10. 7A 

TF 33-01 

IDLE 

0.  14A 

1.  13A 

67.  OA 

23.  OA 

3.  OA 

0. 015N 

(CE) 

APPROACH 

0.  19C 

1  .SOC 

39. 2C 

13. 2C 

3.9C 

0.016P 

INTERNED 

1 .52A 

12.02 

0.7A 

0.2A 

28.  OA 

0. C30N 

MILITARY 

1.60A 

12.69A 

0.7A 

0.2A 

28.  OA 

0 . 025N 

TF41-01 

IDLE 

0.  13A 

I.OIA 

119. OA 

92. OA 

1  .SA 

0.  15N 

(AD 

APPROACH 

0.44D 

3. SOD 

1 0 . 2C  . 

2.2C 

6.8C 

0.36P  • 

INTERNED 

0.74A 

S.83A 

3.7A 

C.4A 

12.  OA 

0.52N 

MILITARY 

1.06A 

8.42A 

1.8A 

0.2A 

21.  OA 

0.67N 

TFE731 -2 

IDLE 

(CA) 

APPROACH 

NO  DATA 

AVAILABLE 

INTERMED 

MILITARY 


*  A-X  represents  the  reference  list  for  this  table. 


REFERENCE  LIST  FOR  TABLE  3* 

A.  REFERENCE  1 

B.  PARTICULATE  MASS  FLOW  CALCULATIONS 

C.  EMISSIONS  CALCULATED  BY  A  POWER  CURVE  INTERPOLATION 
METHOD  USING  ENGINE  MORE  FUEL  FLOWS  AND  EMISSION  INDICES 

D.  LT  COL  MAHLER,  HQ  TAC/DOV,  TRIP  REPORT  CONTAINING  APPROACH 
AIRCRAFT  FUEL  FLOWS  BY  LT  P.P.  MUSIC  (DET  1,  ADTC)  DATED 
15  AUG  77. 

E.  REFERENCE  12 

F.  REFERENCE  4 

G.  REFERENCE  13 

H.  LT  COL  ROY  W.  PETERSON,  HO  ATC/DOV.  LETTER  REPORT  CONTAINING 
AIRCRAFT  ENGINE  APPROACH  MODE  FUEL  FLOWS  DATED  3  AUG  77. 

I.  CAPT  KENNETH  HACKER,  1ST  GEG  SAL,  FUEL  FLOWS  FOR  B-52 
APPROACH  IN  LETTER  DATED  21  DEC  76. 

J.  REFERENCE  14 

K.  TELEPHONE  COMMUNICATIONS  BETWEEN  LT  DAVID  VAN  GASBECK 
(NGB/DEM)  TO  LT  JOHN  HUNT  (DET  1  ADTC)  ON  2  AUG  77. 

L.  REFERENCE  15 

M.  REFERENCE  16 

N .  A  and  B 
P  .  B  a  nd  C 

O .  C  and  M 

R .  B  and  J 

S .  C  and  J 

T.  REFERENCE  17,  p51  (CF6-50C2  ENGINE) 

II.  REFERENCE  IH 

V.  LETTER  FROM  WILLIAM  J.  MEYER,  AFLC/LOC/CFP  (27  MAR  84) 

W.  CEM-56-2  COMPLIANCE  TEST,  CFM  INTERNATIONAL,  1  DEC  83 

(SOURCE  ASP/YZEA) 

X.  LETTER  FROM  MAJ  GREMS  (CEEDO/ECA)  TO  HQ  SAC/DEVQ,  7  JUL  77 
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TABLE  4.  EXAMPLE  TIME  IN  MODE 


Ai rcraft  Mode 

Light  Aircraft 

Heavy  Aircraft 

Startup 

6.3 

8.5 

Outbound  Taxi 

5.5 

7.5 

Engine  check 

1.1 

1.2 

Runway  rol  1 

0.4 

0.  5 

C 1 i mbout  I 

0.4 

0.6 

C 1 i mbout  II 

0.  3 

0.7 

Approach  I 

1.9 

2.6 

Approach  II 

0.7 

1.3 

Landing  on  runway 

1.1 

1.2 

Inbound  Taxi 

5.5 

6.4 

Idle  at  shutdown 

0.8 

3.3 

TOTAL 

24.0 

33.8 

Source:  AFWL-TR- 74-303  (Reference  6),  p28-9 
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2.  Example  1: 


Given:  T-38  with  a  3-mlnute  engine  check  before  take¬ 

off. 

Find:  Amount  of  carbon  monoxide  produced  by  the  engine 

check . 

Solution: 

a.  Engine:  J85-5 

Number  of  Engines:  N  =  2 

b.  Engine  Mode:  Military 

Time  Mode:  t  (Military)  =  3  minutes  x  60  s/minute 
=  180s 

c.  Fuel  Flow:  F  (Military)  =  0,331  kg/s 

Emission  Factor:  e  (Military,  CO)  =  29.0  g  CO/kg 
fuel 

d.  W  =  NFte 

W  (Engine  check)  *  2  (0.331  Kg/s)  (180s)  (29.0  g  CO/kg 
fuel  ) 

W  (Engine  check)  =  3455.64  g  CO 
3.  Example  2: 

Given:  T-38  with  a  5-mlnute  (300  sec)  startup  time, 

a  15-minute  (900  sec)  taxi-out  time  and  three 

3-mlnute  (180  sec)  engine  check. 

Find:  Carbon  monoxide  emissions  for  each  operation. 

Solution: 

a.  Aircraft:  T-38 
N  =  2 

From  Table  1:  J-85-5  engine 
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b.  From  Table  2:  E  (Startup)  =  Idle,  t  =  30 U  sec 

E  (Taxi  out)  =  Idle,  t  =  900  sec 
E  (Engine  check)  =  Military,  t  =  180  sec 

c.  Fuel  Flow:  F  (Idle)  =  0.057  kg/s 

F  (Military)  =  0.331  Kg/s 

Emission  Factor:  e  (Idle,  CO)  =  178.0  g  CO/kg  fuel 

e  (Military,  Co)  =  29. Og  CO/kg  fuel 

d.  W  =  NFte 

W  (Startup,  CO)  =  2(.057  Kg  fuel/s)  (300s)  (178.0  gCO/kg 

fuel )  =  6087.6  gCO 

W  (Taxi  out,  C0)=2(.057)  (900)  (178.0)  =  18262.8  gCO 

W  (Engine  check.  CO)  =  2(0.331)  (180)  (29.0)  =  3455.6  gC 0 

e.  W  (Total,  CO)  =  W  (Startup,  CO)  +  W  (Taxi  out,  CO)  + 

W  (Engine  check,  CO)  =  6087.6  +  18262.8  +  3455.6  = 

27806.0  gCO 

C.  CALCULATING  EMISSIONS  USING  LTO  AND  TGO  TABLES 

1.  Procedure 

Calculations  of  pollutant  emissions  for  each  phase  of  the 
LTO  and  TGO  cycle  are  time*consumi ng.  To  eliminate  these  calcu¬ 
lations,  the  AQAM  Source  Inventory  was  employed  (Reference  5). 

The  AQAM  Source  Inventory  uses  the  emissions  indices  and  aircraft 
operational  data  (e.g.,  climb  angle,  approach  speed)  to  calculate 
the  amount  of  pollutants  emitted  during  each  individual  phase  of 
an  LTO  or  TGO  cycle.  The  same  procedures  described  in  Part  B 
are  used  by  the  AQAM  Source  Inventory  to  calculate  total  LTO  and 
TGO  aircraft  emissions.  The  standard  AQAM  LTO  cycle  is  illustrat¬ 
ed  in  Figure  2.  The  TOO  cycle  differs  from  the  LTO  cycle  by 
omitting  Phases  1-4  and  7-9,  and  modifying  the  runway  roll  speeds 
and  distances  to  account  for  the  faster  approaches  of  the  TGO 
cycle.  All  emissiuns  are  calculated  to  and  from  0.914  km 
(  3000  feet)  abovf^  ground  level,  because  this  figure  represents 
the  average  afternoon  mixing  depth  of  the  atmosphere,  and  AOAM 
stops  emission  computations  at  the  mixing  height  (Reference  6). 


Figure  2.  LANDING  AND  TAKEOFF  CYCLE 


The  AQAM  Source  Inventory  calculates  runway  roll  distances 
using  meteorological  conditions  and  pressure  altitude.  The 
parameters  used  are  listed  in  Table  5.  The  conditions  are  based 
on  an  annual  average  of  12  Air  Force  bases  in  the  continental 
United  States  that  represent  a  cross  section  of  all  United  States 
Ai r  Force  bases . 


Taxi  distances  are  assumed  to  be  4.0  km  for  both  incoming 
and  departing  flights.  This  distance  was  determined  from  an  Air 
Force-wide  average  of  taxi  distances  (Reference  6).  The  average 
time  in  the  taxi  phase  varies  with  aircraft  taxi  speeds  and 
operational  procedures.  Modifications  to  these  taxi  times  and 
other  LTO  and  TGO  phases  is  discussed  in  Part  D. 

TABLE  5.  ANNUAL  METEOROLOGICAL  CONDITIONS  TWELVE 
AIR  FORCE  BASES  ANNUAL  AVERAGES 

Meteorological  Data 

Average  Temperature  17.8'"C  (64°F) 

Pressure  Altitude  359.6  m  (1180  ft) 

Average  Windspeed*  3.8  m/s  (8.5  mph) 


*  A  headwind  to  the  aircraft's  takeoff  and  landing  is  used  for 
AQAM  Source  Inventory  calculations. 


The  AQAM-generated  LTO  and  TGO  pollutant  emissions  are  pre¬ 
sented  in  Appendix  A.  The  emissions  for  each  of  the  five 
pollutant  types  are  given  for  the  individual  LTO  phases,  and  are 
expressed  in  metric  tons  per  cycle.  The  total  LTO  pollutant 
emission  is  the  sum  of  the  individual  phases.  The  TGO  cycle 
total  emissions  are  calculated  and  presented  separately  from  the 
LTO  emissions. 

To  conduct  emissions  calculations  using  the  LTO  and  TGO 
tables,  the  following  procedure  should  be  used: 

a.  Identify  the  aircraft  in  question. 

b.  Look  in  Table  1  to  find  the  appropriate  LTO/TGO  chart, 
then  find  the  chart  in  Appendix  A. 

c  . 


Determine  emissions  desired. 


2.  EXAMPLE  3 


Given:  T-38  during  Standard  LTO  cycle. 

Find:  Total  NOx  emitted. 

Solution: 

a.  T-38 

b.  LTO/TGO  Chart  -  Appendix  A-17 

c.  W  (NOx)  =  6.0  E-04  metric  tons  x  1000  kg/metric 
ton  =  0.6  Kg/LTO 

0.  LTO  MODIFICATIONS 

The  LTO  cycle  emissions  can  be  modified  to  simulate  special 
cases  like  arming  and  queuing.  The  engine  thrust  mode  and  time 
in  mode  for  each  special  case  are  required.  Using  Equation  (1), 
the  emissions  can  be  calculated  for  each  engine  mode  and 
pollutant.  These  special  case  emissions  can  then  be  added  to  the 
final  LTO  pollutant  total. 

1.  EXAMPLE  4: 

Given:  A  T-3a  at  the  beginning  of  the  runway  develops  a 

l0-m1nute  queue  due  to  heavy  aircraft  traffic. 
Find:  Effect  of  the  queue  on  LTO  CO  emissions. 

Solution: 

a.  ENGINE  =  J85-5 
N  =  2 

b.  Queue  -  Idle  Power  Setting 
t  =  10  min  =  600  sec 


c.  F  ( Idle)  =  0.057  Kg/s 

e  (Idle,  CO)  =  178.0  g  CO/KG  fuel 


4. 


W  (Queue ) 


NFte 


=  2  (0.067)  (600)  (178.0) 

=  12,175  g  CO  =  12.175  Kg  CO 


5.  From  Table  A-17; 

W  (LTO)  =  4.0  E-02  metric  Tons  CO  x  1,000  kg/metric  ton 
=  40.0  Kg  CO 

W  (TOT)  =  40.0  +  12.175  =  52.175  Kg  CO 
Therefore: 

CO  emissions  increased  30  percent  during  the  lO-minute 
queuing  delay. 

The  time  in  mode  can  be  calculated  for  each  of  the  LTO  phases. 

This  calculation  is  important  for  determining  the  time  of  each 
phase  of  the  standard  LTO  cycles  (Appendix  B)  and  checking 
emission  calculations.  Equation  (1)  can  be  modified  to  calculate 
the  time  spent  in  the  mode: 

t(s)  =  W(kg)  X  lOOOg/kg _ 

e ( g/kg  )  x  F  ( kg/s  )  x  N  (  2  ) 


The  amount  of  extra  time  that  must  be  added  or  subtracted  from  the 
standard  LTO  phase  can  be  determined. 

2.  EXAMPLE  5; 

The  average  T-38  taxi-out  time  was  estimated  to  be  10 
minutes.  How  does  this  compare  with  the  taxi-out  phase  in  the 
LTO  Chart? 

Solution: 

From  Ta b 1 e  1 : 

F  (Idle)  =  0.057  kg/s 

e  (Idle,  CO)  =  178. Oy  CO/kg  fuel 

Prom  Table  A-17:  W  (Taxi- Out,  CO)  =  1.31  X  E-02 

metric  tons  CO  x  1000  ky/metric  ton  =  13.1  kg  CO 
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Ti  me : 

t  (Tax1-out)=( 13.1  kg  CO)  x  (1000  g/kg) _ 

(0.057  Kg  Fuel  /s )  x  (WS.O  g  CO/kg  fuel)  x  (2  engines) 

t  (Taxi -Out)  =  645  s  =  10  minutes  45  s 

The  10-minute  observed  time  and  the  10-minute  45  second  LTO 
taxi-out  time  are  similar.  The  normal  LTO  cycle  taxi-out  emission 
can  be  used. 

All  special  modifications  to  the  LTO  and  TGO  emissions 
(Appendix  A)  will  result  in  more  accurate  results.  For  quick 
estimates,  the  tabulated  LTO  and  TGO  cycle  emissions  could  be 
used. 

E.  ANNUAL  EMISSIONS 

Aircraft  emissions  can  also  be  expressed  in  terms  of  annual 
totals.  These  totals  can  then  be  compared  with  other  emission 
sources  on  and  around  the  base,  to  find  the  aircraft's  contribu¬ 
tion  to  the  area's  total  emissions. 

The  number  of  annual  aircraft  operations  is  required  to 
compute  annual  emissions.  The  aircraft  data  must  be  in  the  form 
of  LTOs  and  TGOs  per  year.  The  data  can  usually  be  obtained  from 
the  base  operations  sections  and  are  reported  monthly.  Aircraft 
types  might  have  to  be  separated  and  some  data  might  require 
manipulation  to  be  reduced  into  the  required  format. 

The  number  of  annual  LTO  operations  is  multiplied  by  the 
pollutant  emissions  from  one  LTO  operation  (Equation  (3))  to  give 
the  annual  aircraft  pollutant  emissions.  All  emissions  of  the 
same  pollutant  are  added  to  obtain  the  total  aircraft  emissions. 

Annual  Emissions  =  (LTO  pollutant  emissions  (Metric  Tons)  x 
(metric  tons)  Number  of  Annual  Aircrat  LTOs)  + 

(TGO  pollutant  emissions  (metric  tons)  x 
Number  of  annual  aircraft  TGOs)  (3) 

The  pollution  emissions  changes  can  be  calculated  for  operational 
changes  (e.g.,  decreased  engine  checks  times,  decreased  arming 
times)  or  subtracted  from  the  modified  LTO,  TGO  or  flyby  circle. 


(The  reverse  of  this  page  is  blank) 


SECTION  IV 


SHORT-TERM  AIR  QUALITY 


A.  AIR  QUALITY 

Air-quality  analysis  is  the  most  important  factor  in 
determining  the  impact  of  aircraft  on  the  environment. 

I'ispersion  and  emission  analyses  are  the  two  main  factors  in  air 
quality  analysis.  The  dispersion  analysis  estimates  the 
atmosphere's  ability  to  transport  and  dilute  pollution  due  to 
advective  winds  and  eddies  caused  by  atmospheric  instability,  and 
is  independent  of  source  emissions.  The  emission  analysis 
determines  the  total  amount  of  pollutants  released  into  the 
atmosphere . 

The  AQAM  short-term  model  quantifies  the  ambient  air  quality 
resulting  from  atmospheric  dispersion  and  source  emissions.  It 
can  calculate  atmospheric  dispersion  as  a  function  of  windspeed, 
mixing  height,  atmospheric  s t ab i 1 i ty,  a nd  distance  from  almost  any 
base  emission  source.  Gaussian  dispersion  models  are  used  by  AQAM 
to  predict  air  quality  ground-level  concentrations  at  air  bases 
(References  7  and  8).  These  concentrations  can  be  compared  with 
Ub  National  Primary  and  Secondary  Ambient  Air  Quality  Standards  to 
predict  the  impact  on  air  quality.  The  AQAM  short-term  model,  with 
typical  meteorological  conditions,  is  used  in  this  handbook  to 
predict  ambient  air  quality  resulting  from  aircraft  operations. 
Emissions  from  other  base  sources  (i.e.,  motor  vehicles,  boilers) 
are  not  included  in  this  handbook,  but  can  be  obtained  by  using 
other  methods,  some  of  which  are  described  in  Section  VII. 

8.  METEROLOGICAL  CUNDITIONS 

Meteorological  conditions  determine  the  dispersion  potential 
of  the  atmosphere.  Under  poor  atmospheric  dispersion  conditions, 
air  pollution  problems  are  most  likely  to  occur.  These  conditions 
usually  exist  during  the  early  morning  hours.  Calm  wind  speeds 
and  a  stable  atmosphere  cause  very  little  diluting  or  transporting 
of  pollutants.  The  lowest  dispersion  potential  is  called  the 
"worst  case." 

Typical  "worst-case"  meteorological  conditions  were  used  for 
dispersion  and  air  quality  calculations.  These  conditions  are 
presented  in  Appendix  H.  The  meteorological  data  are  annual 
1-hour  averages  from  12  U'^AF  bases  which  represent  a  good 
cro'^s  section  of  weather  climates  in  the  United  States.  The 
morning  conditions  were  chosen  because  the  greatest  potential  for 
dir  pollution  problems  occur  then. 


The  small  tailwind  for  takeoff  gives  the  maximum  downfield 
pollution  concentrations  for  the  "worst  case."  The  tailwind  is 
not  typical  of  normal  aircraft  takeoff  procedures. 

C.  RUNWAY  CENItRLINE  CONCENTRATIONS 

Pownfield  centerline  pollutant  concentrations,  which  represent 
the  highest  ground  concentrations,  were  calculated  for  many 
aircraft  types,  using  the  AQAM  short  term  program.  These 
calculations  are  presented  in  Appendix  B.  The  AQAM  short  term 
model  simulated  downfield  ground  receptor  concentrations  resulting 
from  an  aircraft  takeoff  and  climb  to  914  m  (3000  ft)  and  its 
approach  and  landing  from  the  same  altitude.  The  AOAM  short-term 
Gaussian  dispersion  model  calculated  the  hourly  average  centerline 
concentrations  resulting  from  one  aircraft  LTO  and  TGO  cycle.  The 
pollution  concentrations  were  estimated  at  points  5  km  to  35  km 
down  the  runway  centerline  (Figure  3).  The  start  of  runway  to  5 
km  pollutant  concentrations  were  not  calculated  because  of 
inaccuracies  due  to  near  field  effects.  The  takeoff  and  climbout 
downfield  pollution  concentrations  were  calculated  for  the  typical 
"worst-case"  meteorological  conditions. 

The  AQAM  short  term  program  deals  only  with  1-hour  time 
periods.  The  number  of  aircraft  taking  off  during  a  1-hour  time 
period  is  multiplied  by  the  particular  pollutant  concentration. 
The  result  is  the  1-hour  average  pollutant  concentration.  For 
environmental  assessments,  the  maximum  number  of  planes  taking 
off  during  a  1-hour  time  period  should  be  used.  The  concentra¬ 
tions  of  all  aircraft  takeoffs  during  the  same  time  period  and  at 
the  same  receptor  are  summed  for  the  total  centerline  concentra¬ 
tion  at  the  receptor  point. 

The  centerline  concentrations  calculated  assume  a  straight 
climbout  and  represent  the  highest  ambient  pollution  concentra¬ 
tions.  Pollution  concentrations  will  decrease  rapidly  from 
either  side  of  the  runway  centerline.  Special  fighter  climbout 
procedures  are  not  simulated  by  the  AQAM  program;  however,  the 
pollution  concentration  would  be  lower  than  the  straight  climbout 
now  being  simulated  by  A 0AM  because  of  the  steeper  climbout  angles 
used  by  fighters  and  trainers. 


RUNWAY  CENTERLINE  CONCENTRATIONS 


1.  Example  8:  Base  X  has  a  town  lying  on  the  runway 
centerline  20  km  from  the  start  of  runway  roll.  What  are  the  NO 
concentrations  resulting  from  the  following  0800-0900  recorded 
maximum  operations? 

Solution; 

Depa rtu res  : 

T-37  =  14,  T-38  =  10 

Using  Appendix  B  for  a  quick  estimate: 

T-37  N0)(  Concentration  at  20  km  =  .Olyg/m^ 

T-38  NOy  Concentration  at  20  km  =  .02yg/m3 

Mutiply  each  concentration  by  the  number  of  departures: 

T-37  =  .01  yg/m3  x  14  departures  =  .14  yg/m^ 

T-38  =  .02  yg/m3  x  10  departures  =  .2  yg/m^ 

Adding  the  concentrations: 

Total  NOy  at  20  km  =  .14  yg/m^  +  .2  yg/m3  =  .34  yg/n3 

NOTE:  The  value  0.00  indicates  that  the  centerline  concen¬ 

trations  are  less  than  0.005  yg/m^. 


SECTION  V 


DATA  ANALYSIS 


This  handbook  is  not  a  final  analytical  tool.  Rather,  it  is 
a  screening  device  to  determine  the  possibility  of  an  air  quality 
problem  resulting  from  aircraft  operations.  Any  indication  of 
possible  aircraft  pollution  problems  will  have  to  be  examined  more 
thoroughly  using  an  analytical  model  such  as  AQAM.  A  more 
comprehensive  air  quality  examination  will  either  confirm  or 
reject  the  possibility  of  an  adverse  impact  of  aircraft  on  the  air 
qua  1 i ty  . 

A.  EMISSIONS  ANALYSIS 

The  annual  aircraft  emissions  can  be  employed  to  make  crude 
air-quality  analyses.  The  annual  aircraft  emissions  can  be 
compared  with  other  base  or  off-base  sources  to  determine  aircraft 
contributors.  A  survey  of  most  major  United  States  airports 
indicated  that  the  average  aircraft  annual  emissions  did  not 
exceed  2  percent  of  the  total  source  emissions  (Reference  11). 

The  2  percent  aircraft  emissions  can  be  used  as  a  guide  if  the 
if  the  base  is  located  in  a  major  urban  area.  However,  this 
figure  is  not  valid  for  areas  where  the  base  is  only  major  source. 

Base  aircraft  operations  resulting  in  annual  emissions  in 
excess  of  226,796  kg  (226.8  metric  tons)  of  any  one  pollutant  per 
year  should  be  investigated  more  closely.  The  ERA  defines  this 
figure  as  a  major  source,  and  the  possibility  of  an  aircraft- 
related  air  pollution  problem  could  exist  if  it  is  exceeded.  Any 
conclusions  made  concerning  aircraft  impacts  should  use  the  air 
quality  data.  Emissions  data  do  not  give  any  information  about 
the  dispersion  of  pollutants  in  the  atmosphere. 

B.  SHORT-TERM  AIR  QUALITY  ANALYSIS 

The  downfield  ambient  air  quality  can  be  estimated  for  1-hour 
periods  by  using  this  book.  The  calculated  results  represent  the 
maximum  air  pollution  concentration  from  an  aircraft  takeoff  and 
climbout.  The  Gaussian  dispersion  model  does  not  predict  reactive 
pollutant  concentrations,  like  oxidants.  However,  hydrocarbons 
and  NUx  are  the  main  contributors  to  the  formation  of  oxidants. 

The  downfield  hydrocarbons  presented  in  Appendix  B  are  for  future 
reference  when  hydrocarbon  pollution  is  better  understood. 
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The  centerline  concentration  tables  (Appendix  B)  are  based 
on  1-hour  "worst-case"  meteorological  conditions.  The  AQAM  Short 
term  program  uses  special  1-hour  wi nd- a ve r a g i n g  schemes.  An 
attempt  to  predict  the  air  quality  for  more  than  a  1-hour  time 
period  is  invalid  without  special  correction  factors.  The  tables 
assume  a  "straight-out"  climb  path. 

The  1-hour  pollutant  concentrations  can  be  compared  with 
the  "worst-case"  National  Ambient  Air  Quality  Standards  (NAAQS)  to 
provide  a  point  of  reference.  The  NAAQS  are  described  in  terms 
of  annual  average  concentrations,  or  concentrations  not  to  exceed 
more  than  once  per  year.  The  predicted  concentrations  can  be 
easily  compared  with  NAAQS  by  using  EPA's  Pollution  Standards 
Index  (PSI).  The  PSI  normalizes  all  pollutants  on  a  scale  of 
0-500  according  to  the  short-term  NAAQS  and  health  effects.  Thus, 
all  pollutants  can  be  compared  at  the  time.  The  5  km  point  is 
probably  the  best  to  use  when  determ i n i ng t he  overall  impact  of 
aircraft  on  air  quality.  The  centerline  pollutant  concentrations 
6  km  to  35  km  can  be  used  to  determine  aircraft  air  quality 
impact  offbase. 

Any  pollutant  concentration  exceeding  50  percent  of  the 
1-hour  NAAQS*  should  be  examined  more  closely  using  AQAM  or  other 
techniques.  An  AQAM  analysis  would  use  specific  meteorological 
conditions  for  the  base.  AQAM  simulates  all  specific  base 
aircraft  operations  and  gives  a  much  more  detailed  analysis  of 
pollutant  concentrations.  If  aircraft  air  pollution  concentra¬ 
tions  are  below  50  percent  of  the  "worst-case"  1-hour  standards, 
the  base  aircraft  operations  have  little  adverse  effect  on  air 
quality  and  further  analysis  is  not  required. 

C.  COMPARISON  WITH  STANDARDS 

Pollution  concentration  calculated  with  this  handbook  repre¬ 
sent  the  "worst-case,"  and  can  be  compared  with  the  National 
Primary  standards.  These  "worst-case"  concentrations  can  be 
directly  compared  to  "not  to  exceed  more  than  once  a  year" 
standards.  A  power  law  is  required  to  convert  l-hour  averages  to 
24'Or  8-hour  average  concentrations.  The  following  power  law  is 
used  in  the  "Workbook  of  Atmospheric  Dispersion  Estimates" 
(Reference  9 )  : 


P 


Xb  -  Desired  concentration  for  sampling  time,  tb 
X|(  -  Concentration  for  shorter  sampling  time,  t^ 
p  -  Between  0.17  and  0.2 


The  Pollution  Standards  Index  (PSI)  and  EPA  Report  450/2-76- 
013  (Reference  10)  can  facilitate  evaluating  effects  of  aircraft 
on  air  quality.  Every  pollutant  can  be  normalized  using  the  PSI 
scale,  and  therefore,  can  be  compared  directly.  Problem  pollu¬ 
tants  can  be  identified  directly. 


*5pec  i  al  attention  should  be  given  to  state  and  local  air  pollu¬ 
tion  standards  where  applicable. 


(The  reverse  of  this  page  is  blank.) 
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SECTION  VI 


EXAMPLE  APPLICATION 

Super  Air  Force  Base  is  a  OPT  training  base.  An 
environmental  assessment  must  be  made  for  increased  number  of 
training  missions  to  be  flown  the  next  fiscal  year.  The 
downfield  pollution  concentrations  must  also  be  determined  for 
Home  City.  Home  City  is  citing  the  base  for  its  Carbon  Monoxide 
(CO)  concentrations  during  the  morning  missions. 


The  increase  in  aircraft  operations  is  as  follows: 

Increased  LTOs  Increased  TGOs 

( per  year)  (per  year) 

T-37  1,500  250 

T-38  1,000  200 

These  increased  T-38  LTOs  will  result  in  a  5-minute  queue  delay 
before  takeoff. 

A.  STEP  1  -  CURRENT  AIRCRAFT  OPERATIONS 

From  base  operations,  the  following  operational  data  were 
collected  for  the  current  fiscal  year, 

LTOs  (per  year)  TGOs  (per  year) 

T-37  15,000  2895 

T-3H  16,525  2982 

8.  STEP  2  -  MODIFY  EMISSIONS  FOR  THE  QUEUING 

Since  every  item  in  the  LTO  cycle  compared  favorably  with 
the  time  in  mode,  the  LTO  cycle  in  Appendix  A  is  used.  The  only 
emissions  that  have  to  be  added  are  the  queue  time. 

1 .  Engine  -  J85-5 
N  =  2 

2.  Engine  Mode  -Idle 
t  =  5  min  =  300s 

3.  F( Idle)  =  0.057  Kg/s 
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W  (CO)  =  2  (0.57)  (300)  (178.0)  =  6087. 6g  =  6.1  x  10-3 
Metric  Tons 

W  (HC)  =  2  (0.057)  (300)  (30.0)  =  1026. Og  -  1.0x10-3 
Metric  Tons 

W  (NOx)  =  2  (0.057  )  (300)  (  1.3)  =  44.46g  =  4.45x10-53 
Metric  Tons 

W  (PM)  =  2  (0.057)  (300)  (0.003)  =  .1026g  =  1.0x10-5 
Metric  Tons 

W  (SOx)  =  2  (0.057)  (300)  (1.0)  =  34.2g=  3.4x10-5 
Metric  Tons 


5. 

From 

Table  A-17 
-2 

W 

(CO)  = 

4.0  X  10  Metric 

-3 

Tons 

W 

(HC)  = 

6.1  X  10  Metric 

-4 

Tons 

w 

(NOx)  = 

6.0  X  10  Metric 

-6 

Tons 

w 

(PM)  = 

2.3  X  10  Metric 

-4 

Tons 

w 

(SOx)  = 

3.5  X  10  Metric 

Tons 

6.  Modified  LTO  Emissions 


-2 

-3 

-2 

W 

(CO)  =  4.0  X 

10  +6.1 
-3 

X 

10 

-3 

=  4.6  X 

10 

-3 

Met  r  i  c 

Tons 

W 

(HC)  =  6.1  X 

10  +  1.0 
-4 

X 

10 

-5 

7.1  X 

10 

Met  r  i  c 

4 

Tons 

U 

(NOx)  =  6.0  X 

10  +  4. 

-6 
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X  10 
-7 

=  6.4 

X  10 

-6 

Met  r  i  c 

Tons 

W 

(PM)  =  2.3  X 

10  +  1.0 
-4 

X 

10 

-5 

2.4  X 

10 

-4 

Met  r  i  c 

Tons 

W  (SOx)  =  3.5  X  10 


+  3.4  X  10 


3.8  X  10 


Metric  Tons 


C.  STEP  3  -  Calculate  Annual  Pollutant  Emissions 

Calculate  the  annual  pollutant  emissions  by  multiplying  the  total 
number  of  annual  LTOs  and  TGOs  by  the  emissions  from  one  opera¬ 
tion. 


1.  T-38 

a.  LTO  (Emissions  from  Step  2) 

W{C0)  =  (16525  +  lOOU)  x  4.6  x  10-2  =  806.15  Metric  Tons 

W(HC)  =  (16525  +  1000)  x  7.1  x  10-3  =  124.43  Metric  Tons 

W(NOx)  =  (16525  +1000)  x  6.4  x  lO"^  =  11.22  Metric  Tons 

W(PM)  =  (16525  +  1000)  x  2.4  x  10-6  =  o.04  Metric  Tons 

W(SOx)  =  (16525  +1000)  x  3.8  x  10-^  =  6.66  Metric  Tons 

b.  TOO  (Emissions  from  Table  A-17) 

W  (CO)  =  (2982  +  200)  x  3.9  x  10-3  =  12.41  Metric  Tons 

W  (HC)  =  (2982  +  200)  x  2.1  x  10-^  =  0.67  Metric  Tons 

W  (Nox)  =  (2982  +  200)  x  2.5  x  10-^  =  0.80  Metric  Tons 

W  (PM)  =  (2982  +  200)  x  1.3  x  10-6  =  4.14  x  10-3  Metric  Tons 

W  (SOx)  =  (2982  +  200)  x  1.1  x  10-^  =  0.35  Metric  Tons 


2.  T-37 

a.  LTO  (Emissions  from  Table  A-17) 

W(C0)  =  (15000  +  1500)  X  1.5  x  10-2  =  247.5  Metric  Tons 

W(HC)  =  (15000  +  1500)  X  2.0  x  10-3  =  33.0  Metric  Tons 

W(NOx)  =  (15000  +  1500)  x  3.0  x  10-^  =  4.95  Metric  Tons 

W(PM)  =  (15000  +  1500)  X  5.6  x  10-6  =  0.92  Metric  Tons 

W(SOx)  =  (  1  5000  +  1500)  X  1.4x  lO-'^  =  2.31  Metric  Tons 

b.  TOO  (Emissions  from  Table  A-17) 

W(C0)  =  (2895  +  250)  x  2.1  x  10-3  =  6.60  Metric  Tons 

W(HC)  =  (  2895  +  250)  x  1.4  x  lO-'^  =  0.44  Metric  Tons 

W(N0x)=  (2895  +  250)  x  1.1  x  10-^  =  0.35  Metric  Tons 

W(PM)  =  (2895  +  250)  x  3.8  x  10-6  =  1.20  x  10-2  Metric  Tons 

W(S0x)=  (2895  +  250)  x  3.8  x  10-6  =  o.l2  Metric  Tons 
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3.  TOTAL  PKOJECTED  EMISSIONS 

W(CO)  =  806.15  +  12.41  +  247.5  +  6.60  =  1072.66  Metric  Tons 

W(HC)  =  124.43  +  0.67  +  33.0  +  0.44  =  158.54  Metric  Tons 

W(NOx)  =  11.22  +  0.80  +  4.95  +  0.35  =  17.32  Metric  Tons 

W(PM)  =  0.04  +  4.14  X  10-3  +  o.92  +  1.20  x  10-2  =  o.98  Metric 

Tons 

W(S0x)=  6.66  +  0.35  +  2.31  +  0.12  =  9.44  Metric  Tons 

Annual  Emissions  of  Carbon  Monoxide  exceed  226.8  metric  tons. 
Therefore,  additional  analysis  would  be  required,  and  could  include  a 
comparison  with  base,  local,  and  regional  emission  inventions. 

n.  STEP  4-AIR  QUALITY  ANALYSIS 

A  check  of  aircraft  operations  records  shows  that  the  maximum 
number  of  LTOs  during  a  1  hour  period  is  22,  and  includes  10  T-37s 
and  12  T-38s.  Home  City  is  located  15  km  downfield  from  the  start  of 
runway  roll. 

The  information  in  Appendix  B  indicates  that  CO  concentrations,  30km 
d ownf i eld  are: 

T-37  -  0.66  ug/m3 

T-38  -  1.80  ug/m3 

Multiplying  by  the  number  of  LTOs  = 

T-37  -  0.66  ug/m3  x  10  =  6.6  ug/m3 

T-38  -  1.80  ug/m3  x  12  =  21.6  ug/m3 

Therefore: 

Total  CO  at  15  km  =  6.6  ug/m3  +  21.6  ug/m3  =  28.2  ug/m3 

The  17  km  "worst-case"  CO  concentration  is  28.2  uy/m3  or  0.028mg/m3. 
The  primary  and  secondary  NAAQs  for  CO  are  40my/m3  maximum  1  hour 
concentrations  not  to  be  exceeded  more  than  once  per  year.  The 
computation  is  far  less  than  the  primary  and  secondary  NAAQS  for  CO, 
and  aircraft  contributions  are  negligible  over  Home  City. 


SECTION  VII 


RELATED  PUBLICATIONS 


A.  AIR  QUALITY  ASSESSMENT  PROCEDURES 

ESL-TR-82-33,  "Air  Quality  Procedures  for  Civilian  Airports 
and  Air  Force  Bases*"  was  developed  to  serve  as  a  guide  for 
environmental  quality  personnel  who  perform  air  quality 
assessments.  A  series  of  flow  diagrams  identifies  the  important 
agencies  in  the  assessment  process,  and  also  what  data  and 
methodologies  could  be  used.  Step-by-step  descriptions  of  the  air 
quality  assessment  process,  including  state  requirements  are 
d i scussed . 

This  handbook  should  be  consulted  prior  to  performing  an 
emission  inventory  to  ensure  that  correct  procedures  are  used. 


B.  AIRCRAFT  GENERATION  EQUIPMENT  EMISSIONS 

Emissions  estimates  from  aircraft  generation  equipment  (ground 
support  equipment)  can  be  obtained  by  using  ESL-TR-83-48, 

"Aircraft  Generation  Equipment  Emisisons  Estimator."  Emissions 
factors  and  the  required  equations  are  provided,  along  with 
examples  which  illustrate  how  to  perform  the  calculations. 

C.  THE  AIR  QUALITY  ASSESSMENT  MODEL 

The  Air  Quality  Assessment  Model  (AQAM)  computer  program  is 
used  by  the  U.S.  Air  Force  to  estimate  air  pollution  concentra¬ 
tions  resulting  from  air  installation  activities.  This  complex 
air  quality  dispersion  model  considers  every  major  air  pollution 
source  on  an  airbase.  Four  major  components  comprise  AQAM:  the 
edit  program,  the  source  inventory,  the  short-term  dispersion  pro¬ 
gram,  and  the  plot  program.  The  edit  program  detects  errors  in 
the  AQAM  input  data  and  ensures  input  correctness  before  AQAM  is 
executed.  The  source  inventory  identifies  the  location,  emission 
rate,  and  pollutant  type  for  every  pollutant  source.  The  short¬ 
term  dispersion  program  calculates  the  resultant  pollutant  levels 
at  various  receptor  points  as  a  function  of  meteorological  con¬ 
ditions.  The  plot  program  displays  the  output  results  of  AQAM  in 
a  clear  format . 

The  following  documents  are  recommended  for  further  informa¬ 
tion  about  AQAM: 

1.  AF W L- TR -  7 4  -  279  ,  USAF  Aircraft  Takeoff  Length  Distances 
and  C limbout  Profiles. 


2.  AF WL - TR -  7 4  -  304  ,  A  Generalized  Air  Quality  Assessment  Model 
for  Air  Force  Operations. 

3.  AF WL- TR -  7  5-  307  ,  Air  Quality  Assessment  Model  Data 
Reduction  and  Operations  Guide. 

4.  CEEPO-TR-76-33,  Air  Quality  Assessment  Mode]  for  Air  Force 
Operations  -  Source  Emi s s i ons  Inventory  Computer  Code 


ocument  at i on . 

b.  C E E DO- TR -  76  -  34  ,  Air  Quality  Assessment  Model  for  Air  Force 
erations  -  Short-Term  Emi ss i on/ Di s pe rs i on  Computer  Code 


ocumentati  on . 

6.  Draft  Technical  Report,  Air  Quality  Assessment  Model  Data 
Coll ect ion  Guide. 


7.  E SL- TR- 8 1 - 60 ,  Development  of  a  Computer  Emission  Inventor 
Routine  for  Aircraft  Ground  Support  Eaui pment ,  Vo  1 umes  I  and  I  I , 
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CONCLUSIONS 

This  handbook  is  a  preliminary  screening  procedure  to  deter¬ 
mine  the  impact  of  aircraft  on  ambient  air  quality.  It  is  not 
s i t e- s pec  i  f  i  c  and  can  be  used  at  any  USAF  base.  Contained  within 
the  report  is  all  the  information  required  to  perform  a  prelimi¬ 
nary  air  quality  impact  analysis  including:  (1)  present 
Air  Force  aircraft,  (2)  engine  emissions  factors,  (3)  LTO  and  Tbi' 
cycle  emissions,  and  (4)  aircraft  downfield  dispersion  data. 

Procedures  and  examples  to  guide  environmental  personnel  in 
making  preliminary  aircraft  impact  analyses  are  provided.  These 
include  (1)  calculating  annual  aircraft  emissions  and  (2)  estima¬ 
ting  the  1  hour  "worst-case"  groundrl evel  air  pollution  concen¬ 
trations  resulting  from  an  aircraft  LTO  cycle.  The  analysis 
guidelines  within  the  report  show  that  either:  (1)  aircraft 
pollution  impact  is  negligible,  or  (2)  an  aircraft  air  pollution 
problem  is  possible.  In  the  latter  case,  a  more  detailed  analysis 
using  AOAM  or  other  techniques  would  be  required. 

This  handbook  enables  environmental  personnel  to  conduct  a 
preliminary  impact  analysis  of  aircraft  operations  on  local 
air  quality.  The  analysis  can  be  performed  at  base-level,  saving 
time,  manpower,  and  money.  Calculations  performed  using  this  in¬ 
formation  do  not  predict  an  aircraft  air  problem,  but  could 
indicate  the  possibility  of  one. 
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TABLE  A-19.0NE  B-IA  LTO  AND  TGO  EMISSIONS 
NORMAL  FLIGHT  PROFILE 


OPERATION 

CO 

HC 

NOX 

PM 

SOX 

Startup 

3.4594  X 

E-2 

7.2575 

X 

E-3 

2.1168 

X 

E-3 

2.6611 

X 

E-5 

6.0479 

X 

E-4 

Taxi  Out 

9.0065  X 

E-3 

1.8895 

X 

E-3 

5.5111 

X 

E-4 

6.9282 

X 

E-6 

1.5746 

X 

E-4 

Runway  Roll 

1.9835  X 

E-2 

4.4077 

X 

E-5 

3.9915 

X 

E-3 

4.1512 

X 

E-5 

7.9830 

X 

E-4 

Climb  1 

1.4918  X 

E-2 

3.3141 

X 

E-5 

1.7397 

X 

E-2 

1.8093 

X 

E-4 

3.4794 

X 

E-3 

Climb  2 

5.2610  X 

E-4 

7.5155 

X 

E-5 

2.4085 

X 

E-3 

5.0177 

X 

E-6 

1.0035 

X 

E-4 

Approach  1 

5.7400  X 

E-3 

3.0211 

X 

E-4 

1.3690 

X 

E-3 

1.0622 

X 

E-5 

2.3603 

X 

E-4 

Approach  2 

2.6838  X 

E-3 

2.8218 

X 

E-4 

9.1907 

X 

E-4 

7.5349 

X 

E-6 

1.6798 

X 

E-4 

Landing 

2.2^86  X 

E-3 

4.7174 

X 

E-4 

1.3758 

X 

E-4 

1.7295 

X 

E-6 

3.9308 

X 

E-5 

Taxi  In 

8.0/25  X 

E-3 

1.6935 

X 

E-3 

4.9394 

X 

E-4 

6.2096 

X 

E-6 

1.4113 

X 

E-4 

Shutdown 

8.6485  X 

E-3 

1.8144 

X 

E-3 

5.2919 

X 

E-4 

6.6527 

X 

E-6 

1.5120 

X 

E-4 

Arr  S  Dep  Sv 

1.5226  X 

E-2 

9.0200 

X 

E-4 

8.5000 

X 

E-5 

3.0100 

X 

E-4 

1.4000 

X 

E-5 

Fuel  Venting 

0.0 

0.0 

0.0 

0.0 

0.0 

Fill  4  Spill 

0.0 

8.7030 

X 

E-3 

0.0 

0.0 

0.0 

Touch  4  Go 

7.1417  X 

E-2 

8.3742 

X 

E-4 

2.2438 

X 

E-2 

2.0484 

X 

E-4 

3.9986 

X 

E-3 

TOTAL* 

1.6352  X 

E-1 

2.3591 

X 

E-2 

2.9999 

X 

E-2 

5.9475 

X 

E-4 

5.8899 

X 

E-3 

LOW  NOISE  FLIGHT  PROFILE 

OPERATION 

CO 

HC 

NOX 

PM 

SOX 

Startup 

3.4594  X 

E-2 

7.2575 

X 

E-2 

2.1168 

X 

E-3 

2.6611 

X 

E-5 

6.0479 

X 

E-4 

Taxi  Out 

9.0066  X 

E-2 

1.8895 

X 

E-2 

5.5111 

X 

E-4 

6.9282 

X 

E-6 

1.5746 

X 

E-4 

Runway  Roll 

1.4369  X 

E-2 

3.1932 

X 

E-5 

3.9915 

X 

E-3 

4.1512 

X 

E-5 

7.9830 

X 

E-4 

Climb  1 

6.2629  X 

E-2 

1.3917 

X 

E-4 

1.7397 

X 

E-2 

1.8093 

X 

E-4 

3.4794 

X 

E-3 

Climb  2 

1.4050  X 

E-4 

2.0071 

X 

E-5 

2.4085 

X 

E-3 

5.0177 

X 

E-6 

1.0035 

X 

E-4 

Approach  1 

4.4847  X 

E-3 

2.3603 

X 

E-4 

1.3690 

X 

E-3 

1.0622 

X 

E-5 

2.3603 

X 

E-4 

Approach  2 

4.1082  X 

E-3 

4.3194 

X 

E-4 

9.1907 

X 

E-4 

7.5349 

X 

E-6 

1.6798 

X 

E-4 

Landing 

2.2486  X 

E-3 

4.7169 

X 

E-4 

1.3758 

X 

E-4 

1.7295 

X 

E-6 

3.9308 

X 

E-5 

Taxi  In 

8.0724  X 

E-3 

1.6935 

X 

E-3 

4.9394 

X 

E-4 

6.2096 

X 

E-6 

1.4113 

X 

E-4 

Shutdown 

8.6485  X 

E-3 

1.8144 

X 

E-4 

5.2919 

X 

E-4 

6.6527 

X 

E-6 

1.5120 

X 

E-4 

Arr  4  Dep  Sv 

1.5226  X 

E-2 

9.0200 

X 

E-4 

8.5000 

X 

E-5 

3.0100 

X 

E-4 

1.4000 

X 

E-5 

Fuel  Venting 

0.0 

0.0 

0.0 

0.0 

0.0 

Fill  4  Spill 

0.0 

0.0 

0.0 

0.0 

0.0 

Touch  4  Go 

0.0 

0.0 

0.0 

0.0 

0.0 

TOTAL* 

2.4299  X 

E-1 

4.6936 

X 

E-2 

4.9874 

X 

E-2 

9.7364 

X 

E-4 

7.6519 

X 

E-3 

*  Total  emission  do  not  include  emissions  from  touch  and  go 
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TABLE  B-1.  A-7  WORST-CASE  DOWNFIELD  CONCENTRATIONS 


AIrtCHAKT 


ATMUSPnErilC  CUNUITIONS  «OKS 
bTAttILlTY  CAlttiOHY  6 
W1NI>  SKELD  (HETEHS/SECOND) 
MlNU  DIRECTION  TAILWINU 

TEMPEHATURE  (E)  itt.UO 
MIXING  OEPTrl  (METERS)  lld.OU 


NORMAL  1 
WORST  case 


1«00 


distance 

FROM 
start  OF 

take-off 

(KM) 


RECEPTOR  CONCENTRATION  DATA 


(HICROGRAMS/Cu.  METER) 
hC  NOX  PT 


b 

I 

l.ll 

•  82 

•  bb 

.02 

.04 

1 

b 

I 

l.UI 

.7b 

.47 

•  02 

•  03 

I 

1 

1 

.9« 

.72 

.41 

.01 

.03 

I 

8 

1 

•  98 

•  /3 

.3/ 

.01 

.03 

I 

I 

l.UI 

.7b 

.33 

.01 

•  02 

1 

lU 

1 

1.05 

.79 

.30 

.01 

.02 

I 

1  I 

1 

1.09 

•  82 

•  28 

.0 

•  02 

I 

13 

1 

1.14 

.86 

•  2b 

•9 

•  02 

I 

lb 

1 

I.  ib 

.87 

•  22 

•  0 

•  02 

I 

17 

I 

1.13 

•  8b 

.20 

•  0 

•  02 

1 

1 

19 

I 

I.IU 

•  84 

•  IB 

.0 

•  02 

dl 

I 

1.0b 

•  81 

•  16 

.0 

.02 

I 

23 

1 

l.Ul 

.77 

•  15 

•  0 

•  02 

1 

2/ 

1 

.92 

•  71 

.13 

.0 

•  01 

I 

31 

1 

•  04 

•  b4 

•  12 

.0 

.01 

1 

3S 

I 

,n 

.b9 

•  lu 

.00 

•  01 

I 

I 

I 

'issssmssm 


.'A' . 


TABLE  b-2.  a- 10  WORST- CASE  DOWNFIELD  CONCENTRATIONS 


aihcha»^t  a  10 


ATMOSHhEKIC  CONOITIONS 
STAoILITY  CATtGOrtY  6 
MINO  SPE£U  (HCTERS/bhCUNO) 
MINU  UlRtCTIUN  TAILWIND 

TtHHtHATURt  (F-)  ja.OO 
MIXING  OLf'TH  (METLHi»)  llb.OO 


NOkMAL  1  LTD 
WORST  CASE 


I.OO 


UlSTANCL 

FROM 

start  of 
Take-off 

(KM) 


RECEPTOR  CONCENTRATION  DATA 


CO 


(nlCR06RAMS/Cu.  METER) 

HC  NOX  PT  SO^ 


s 

1 

•  bS 

•  23 

•  07 

•  00 

ts 

1 

.  7b 

.23 

•  Ob 

•  00 

7 

1 

.  7b 

•  22 

•  Ob 

0.00 

b 

I 

.  74 

•  22 

•  Ob 

0.00 

1 

.73 

.22 

•  Ob 

0.00 

10 

I 

.  77 

.23 

•  Ob 

0.00 

11 

1 

.  7V 

•  24 

•  04 

0.00 

li 

I 

•  oO 

•  24 

•  04 

0.00 

lb 

I 

•  bO 

•  24 

•  04 

0.00 

17 

I 

•  7b 

•  23 

•  03 

0.00 

iv 

I 

.73 

•  22 

•  03 

0.00 

ii 

1 

•  72 

•  22 

•  03 

0.00 

23 

I 

•  bb 

•  21 

•  03 

0.00 

27 

I 

.62 

•  IV 

•  02 

0.00 

31 

I 

.b7 

•  17 

•  02 

0.00 

3b 

1 

.32 

•  lb 

•  02 

0.00 

01 

01 

01 

01 

01 

Ul 

01 


I 

I 


1 


eeecooocc 


TABLE  B-3 


B-52D/F  WORST-CASE  DOWNFIELD  CONCENTRATIONS 


AlHCWAf-T  a  b'dO/*-  NOKMAL  1  LIU 

ATMOSPMEhK  CONUITIONS  WORST  CASE 
stability  CaTEUOHY  6 
wiNU  SRELD  (HETLRS/SECONU)  1.00 
«INU  DIRECTION  TAlLWlNO 

TEMPERATURt  <F)  3B.00 

MIXING  OEPTh  (HETEkS)  IIS.OU 


DISTANCE 

FROM 

I 

1 

I 

f _ 

RECEPTOR 

concentration  OATa 

I 

I 

I 

3  1  AH  1  Ur 

take-off 

(KM) 

1  •• 

1 

1 

CO 

(M1CR06RAMS/C0. 
HC  NOX 

METER) 

PT 

I 

SU2  1 

S 

1  — * 
1 

1 

lb. 00 

13.52 

2.12 

.30 

.40  i 

b 

1 

13. b4 

12.30 

1.65 

.26 

.  36  I 

1 

i 

12.  /7 

11.53 

1.67 

.24 

.33  1 

B 

I 

12.19 

11.02 

1.54 

.22 

.31  I 

V 

1 

11.  /9 

10.67 

1.44 

.20 

.30  1 

10 

1 

11.47 

10.40 

1.36 

.19 

.26  I 

11 

I 

11.19 

10.14 

1.30 

.16 

.2/ 

U 

1 

10. bl 

9.64 

1.19 

.17 

.2b 

lb 

i 

10.02 

9,10 

1.10 

.15 

•  24 

1 1 

1 

9.43 

6.57 

1.02 

.14 

•  22 

IS 

1 

d.bb 

6.0b 

.95 

.13 

.21 

^l 

1 

6.33 

7.57 

•  69 

.12 

.20 

2J 

I 

7.Bb 

7.13 

.63 

.12 

.19 

27 

1 

7.00 

6.36 

.74 

.10 

.17 

31 

i 

6.30 

5.73 

.66 

.09 

•  15 

3b 

I 

b./<i 

b.20 

.60 

.06 

.13  I 

1 

I 

TABLE  B-4 


B-52H  WORST- CASE  DOWNPIELD  CONCENTRATIONS 


AIKCKAFT  d  H 


ATMUSPHEKIC  CONUITlONb 
STAUILITY  CATEGOHY  6 
WlNU  SPEED  (METEWb/SECONO) 
ninu  DiPECTiON  Tailwind 

TEMPERATURE  (K)  bb.OO 
MIXING  depth  (METERS)  IIS.OO 


NORMAL  I  LTO 

WORST  Case 


I.OO 


I 

I 

I 

1 

DISTANCE 

I 

RECEPTOR 

CONCENTRATION  DATA 

1 

I 

FROM 

I 

1 

T 

C  T  r  AC 

T 

i 

^  1  Arl  1 

i  •• 

•  i 

I 

take-off 

1 

(MICROGRAMS/CU. 

METER) 

1 

I 

n 

CO 

HC 

NOX 

PT 

S02 

I 

,  1 

I 

I 

*> 

I 

1 

16.42 

20.71 

1.2i 

.19 

.29 

•  1 
I 
1 

I 

6 

1 

14.8^ 

18.79 

1.02 

•  16 

.25 

1 

1 

7 

1 

13.89 

17.54 

.90 

.14 

•  23 

1 

I 

8 

I 

13.22 

16.71 

.81 

•M 

•  21 

1 

I 

1 

12.74 

16.11 

.74 

.12 

.20 

1 

I 

I 

12.37 

15.65 

.  68 

.11 

•  19 

I 

1 

ll 

1 

12.04 

15.24 

.64 

.10 

.18 

I 

I 

IJ 

1 

11.40 

14.43 

.57 

•  09 

.17 

1 

I 

lb 

I 

10.7b 

13.62 

.52 

•  08 

•  16 

1 

I 

1/ 

I 

10.11 

12.82 

.47 

.07 

•  lb 

I 

I 

IS) 

1 

9.bl 

.43 

.07 

.14 

I 

1 

21 

1 

8.94 

11.33 

.40 

.06 

.13 

I 

I 

2i 

1 

8.42 

10.68 

.37 

.06 

•  12 

I 

I 

27 

1 

7.b2 

9.53 

.33 

.05 

.11 

I 

I 

31 

I 

6.77 

8.59 

.29 

.04 

•P 

1 

I 

3b 

I 

6.  lb 

7.80 

•  26 

.04 

•  09 

I 

I 

I 

I 

TABLE  B-5. 


C-5  WORST- CASE  DOWNFIELD  CONCENTRATIONS 


AIWCWAf^T  C  b  NOKMAL  1  LTO 

ATMOSPMEWIL  CONUlTIONb  WOrtST  CASE 

STAdlLITY  CATEGUHY  6 

«INO  SPEEU  (METEPS/bECONO)  1.00 

WIND  direction  tailwind 

TEMPEHATURt  (F)  Jd.OO 
MIXING  OEPTh  (METERS)  IIS.OO 


I 

I 

DISTANCE 

1 

RECEPTOR 

concentration  data 

I 

FRUM 

I 

I 

41  r  A  Ci  r  i\c 

I 

^  1  AW  1  Ur 

i  •• 

Take-off 

1 

(MICROGRAMS/CU. 

METER) 

I 

(KM) 

1 

m  t  ^  - 

CO 

MC 

NOX 

PT 

SU2 

I 
.  1 

5 

1 

I 

1 

s.4<; 

1.85 

4.47 

.01 

.23 

} 

I 

6 

I 

5.1U 

1.75 

3.51 

.00 

.IV 

I 

7 

1 

4. <44 

1.6V 

2.8V 

.00 

.17 

I 

b 

I 

4.87 

1.67 

2.4V 

.00 

•  15 

1 

L 

4«db 

i.bb 

2.20 

.00 

.14 

I 

lu 

1 

4.84 

1.66 

1.V8 

.00 

•  14 

I 

U 

I 

4.82 

1.65 

1.81 

.00 

•  13 

1 

U 

1 

4,  72 

1.62 

1.55 

.00 

•  12 

I 

lb 

1 

4,S4 

1.56 

1 . 3b 

.00 

•  11 

1 

17 

I 

4.32 

1.48 

1.22 

•  00 

•  10 

I 

1^# 

1 

4.10 

1.40 

1.11 

.00 

•  OV 

I 

21 

1 

3.87 

1.33 

1.01 

.00 

•  OV 

I 

2J 

I 

3  .  bo 

1.26 

.  V3 

.00 

.08 

I 

m 

1 

3.28 

1.13 

.81 

.00 

.07 

I 

31 

1 

2  •'it 

1.U2 

.71 

.00 

.07 

I 

is 

I 

2.  7U 

.V2 

.64 

.00 

•  06 

1 

1 


f:. 


TABLE  B^6.  C-9  WORST^CASE  DOWNFTET.P  CONCFN'l‘R.^'!'TON.'^ 


A|HCMA»  I 


L  M 


NUKMAL  1  LtO 


ATMOSPMEHIC  CONOITiONS 
^TAblLlTY  CaTEGOHY  b 
NfIND  SPEED  (HETbHS/bECUND) 
«(IN0  DIRECTION  TAimlNO 

TEHPERATUHt  if}  id. 00 
mixing  OEPTn  (METERS)  115.00 


nohst  case 


1.00 


I 

1 

I 

1 

distance 

FROM 
STARf  OF 

Take-off 

(KM) 

I 

I 

1 

t 

receptor 

concentration 

DATA 

I 

I 

1 

I 

I 

1 

I 

I 

CO 

(micrograms/cu. 

HC  NUX 

METt 

PI 

■«. 

SU2 

•1 

I 

1 

1 

I 

1 

1 

1.09 

.22 

.20 

.11 

•  OO 

•  i 
} 

1 

6 

I 

.99 

.20 

.10 

.09 

.05 

I 

1 

f 

1 

.19 

.14 

•  07 

•  04 

I 

1 

n 

1 

.tt9 

.Id 

.li 

•  00 

.04 

I 

1 

S 

1 

.db 

.17 

.11 

•  OO 

•  04 

1 

I 

10 

1 

.04 

.17 

.11 

•  05 

•  03 

1 

I 

11 

I 

•  ad 

.lo 

.10 

•  05 

•  03 

I 

I 

li 

I 

.  Tb 

.15 

.09 

.04 

.03 

1 

I 

15 

I 

.  T3 

.14 

•  oo 

.04 

•  03 

1 

1 

IT 

1 

.09 

.14 

.07 

.03 

.02 

I 

I 

19 

1 

.04 

.13 

.Ob 

.03 

•  02 

I 

I 

21 

1 

.00 

.12 

.00 

.03 

.02 

I 

I 

23 

I 

.5/ 

.11 

.05 

•  03 

•  02 

I 

1 

ar 

1 

.50 

.10 

.05 

•  02 

•  02 

I 

I 

31 

1 

.45 

.09 

•  04 

•  02 

.02 

I 

I 

35 

1 

•  4l 

.00 

•  04 

.02 

.01 

I 

I 

1 

I 

82 


TABLE  B-7. 


C-130A-E  WORST-CASE  DOWNFIELD  CONCENTRATIONS 


AlHCHAt*  T 


CONUinUNb  *»OHS 
STAdlLlTY  tArt(>0*^Y  6 
nINU  SWEiiD  (MtLTEHS/StCUNb) 
DIRECTION  TAILMIND 

tehrehature  (F)  ia.ou 
MIXING  OEPTh  (METERS)  11b. 00 


NORMAL  1 

morst  Case 


1.00 


TABLK  B-8. 


C-130H  WORSTS  CASE  DOWNFIELD  CONCENTRATTOIIS 


'-■-I'. 


AlHtHAFT  ClJO  H 


ATHUbHHEHiC  CONUlTIUNb 
STAttiLlTY  CATtbOHY  b 
wiNU  SMEfcD  (METErtS/btCONU) 
nINU  OIRECTiON  rAlLwlNU 

ThMHERATURt  (F)  Jd.OO 
MlAiNti  DtHTh  (J^ETEHS)  lib. 00 


NORMAL  1  LTO 
•OKST  CASE 


1.00 


1  1 
OISTANCE  i  RECEPTOR  CONCENTRATION  DATA  I 


1  FROM 

r  Cl  Au T  < ic 

1 

F 

X  w  1  AlC  1  w* 

I  Take-off 

1  (KM) 

1  •• 
1 

I 

.  1 

CO 

(MICHOGHAMS/CO. 
HC  NOX 

METER) 

PT 

SU2 

p 

I 

i  s 

•  1  •• 

1 

1 

1.21 

.91 

1.03 

•  Ob 

.14 

I  b 

1 

1.14 

.87 

•  8b 

.07 

.12 

U'-'. 

I  r 

1 

1.10 

.8S 

.77 

.06 

.11 

m* 

I  8 

i 

1.0  7 

.83 

.  70 

•  06 

.10 

• 

I  N 

1 

l.Ub 

.82 

•  64 

•  05 

•  10 

I  10 

I 

1.03 

.81 

.59 

.05 

.09 

«* 

i  11 

1 

1.00 

.79 

.55 

.05 

.09 

I  13 

1 

.■^4 

.7S 

•  4b 

.04 

.08 

I  15 

1 

.«N 

.70 

•  ^  J 

.04 

.07 

I  1  / 

I 

.83 

.bb 

.39 

.03 

.07 

1  IN 

1 

.77 

•  62 

•  36 

.03 

.06 

Ml 

I  21 

i 

.  7C 

•  Sb 

•  33 

.03 

•  06 

PBt 

I  23 

1 

.bb 

.54 

•  30 

•  03 

.05 

1  27 

1 

.oU 

•  4b 

•  2b 

.02 

.05 

/'■  ■ 

1  31 

i 

.S4 

.43 

.23 

.02 

.04 

I  3S 

1 

.<♦0 

.39 

.21 

.02 

.04 

TABLE  B-9- 


C-135B  WORST-CASE  DOWNFIELD  CONCENTRATIONS 


AIHChAFT  C  IJ-ad  NOhMAL  1  LTO 

ATMOSPHtkIC  CONDITIONS  wOHST  CASE 
STAblLlTY  CaTEOOWY  to 
WIND  SPEED  (HtTEHS/SECOND)  I. 00 
WIND  DIRECTION  lAlLwlND 

TEHPERATUHE  (F)  J8.U0 

HIKING  UEPTh  (HETEHS)  115. UO 


I 

1 

I 

r 

distance 

FROM 
c  r  AAj  r 

I 

1 

1 

KECEPTOK 

CONCENTRATION  DATA 

1 
I 
1 
,  T 

i 

I 

1 

^  1  AH  1  Ur 

taae-ofp 

(KM) 

i 

I 

I 

■  I 

CO 

(HlCRuGRAHS/CO. 
HC  NOX 

METER) 

PT 

SU2 

•1 

I 

1 

I 

I 

5 

1  • 

I 

X 

6.03 

7.43 

1.44 

.24 

•  20 

•  i 
1 
I 

I 

b 

1 

b.7  7 

7.13 

1.22 

•  21 

• b 

I 

1 

7 

1 

5.b  7 

7.04 

1.07 

.  lb 

•  6 

1 

I 

b 

1 

b.70 

7.10 

.V6 

.16 

.  5 

I 

S 

i 

b.bO 

7.24 

.bb 

.15 

.5 

I 

10 

1 

5.^«J 

7.40 

.bi 

.13 

•  4 

I 

11 

I 

b.Ol 

7.53 

.75 

•  12 

.3 

I 

13 

1 

6.06 

7.61 

.6  7 

•  11 

.3 

I 

15 

I 

b.'^b 

7.4V 

•  60 

.10 

•  2 

I 

17 

1 

5.  7b 

7.25 

.54 

•  OV 

•  1 

I 

ly 

1 

b.5b 

b.V5 

•  50 

•  Ob 

.  0 

1 

I 

<fl 

1 

5.bb 

o  .  63 

•  46 

.07 

.0 

I 

I 

^3 

I 

5.U0 

J  1 

.43 

.07 

.09 

1 

I 

27 

1 

4.b3 

5.71 

.3/ 

.06 

•  Ob 

I 

I 

31 

I 

4.11 

5.1b 

#  ij 

.05 

.07 

I 

1 

35 

I 

3.  /5 

4.7  3 

•  30 

•  05 

.07 

1 

I 

I 

I 

85 


TABLE  B-10.  C-141  WORST^CASE  DOWNFIELD  CONCENTRATIONS 


AIHCkJAM  t  I4i  NOhMAL  1  LFO 

ATMOSHnEmC  LUNUlTiUNb  *»OrtbT  CASt 
bTAblLITY  CATEttOrtY  b 
wiNU  SHEtO  (MfcTtHS/btCOND)  1.00 
NiMU  DI»tCTlUN  FAlLMlNO 

TEMHEPATURt  (F)  Jtt.OO 
MIXING  depth  (MEFEKb)  lib. 00 


I 

I 

I 

1 

DISTANCE 

I 

RECEPTOR 

CONCENTRATION  DATA 

1 

I 

FROM 

1 

I 

T 

cT  au  r  T 

1 

1  f;SE-0f 

i 

(MIChOGRAMS/CU. 

METER) 

1 

I 

(XM) 

I 

CO 

NOX 

PT 

bu2 

1 

f  , 

m  I— « 

•I 

1  •• 

I 

1 

I 

I 

b 

1 

4.ril 

3.yu 

.  7b 

•  Ob 

.11 

1 

I 

b 

1 

4,<*7 

J.bJ 

•  b4 

.05 

•  10 

I 

I 

1 

1 

3.51 

.55 

.04 

.09 

I 

1 

d 

1 

4.2b 

3.47 

.49 

.04 

•  Ob 

I 

I 

y 

1 

4.2  T 

3.49 

.45 

.03 

•  Ob 

I 

I 

10 

1 

4.  JO 

3.52 

.41 

•  03 

•  Ob 

I 

I 

11 

I 

4.  JJ 

3.54 

.36 

•  03 

.07 

I 

I 

13 

I 

4.  JU 

3.52 

• 

•  03 

.07 

I 

I 

lb 

1 

4.1b 

3.43 

•  30 

.02 

.07 

1 

I 

1  / 

1 

4.02 

3.30 

•  2o 

.02 

•  Ob 

1 

I 

1*^ 

1 

J.b3 

3.1b 

.2b 

.02 

•  Ob 

I 

I 

^1 

1 

3.b4 

2.99 

.23 

.02 

.05 

1 

I 

2J 

1 

3.4b 

2.b4 

•  22 

.02 

.05 

I 

1 

2/ 

1 

3.  1 1 

2.bb 

.19 

.01 

•  05 

1 

I 

31 

I 

2.b2 

2.32 

.17 

.01 

.04 

I 

1 

3b 

1 

2.b7 

2.11 

•  lb 

.01 

•  04 

I 

I 

1 

1 

TABLE  B-12.  F-4E  WORST-CASE  DOWNFIELD  CONCENTRATIONS 


AlRCWAfT  »-  4  h  NORMAL  1  LTO 

ATMUbRHtHIC  CONDITION^  WORST  CASt 

STAdlLITY  CATtOURY  6 

WINU  SPELO  (METtRS/SECUNO)  l.UO 

wiNu  DIRECTION  Tailwind 

TEMHERATUHt  (F)  Jd.OU 
MIXING  OtPTh  (METERS)  lls.OO 


I 

I 

I 

I 

1 

I 

DISTANCE 
FROM 
START  OF 

taae-off 

(KM) 

i 

1 

1 

1  — 
1 

1 

CO 

RECEPTOR  CONCENTRATION  DATA 

(MICROGRAMS/CU.  METER) 

HC  NOX  PT 

S02 

1 

I 

1 

■1 

I 

1 

1  • 

I 

i 

S 

1  •• 
1 

1 

.17 

•  48 

•  05 

•  Ow 

*  i 
1 
1 

I 

b 

1 

•  89 

.16 

.41 

•  05 

.07 

I 

I 

/ 

I 

•  cU 

•  IS 

.36 

.04 

•  06 

1 

I 

8 

1 

.80 

.15 

.32 

.04 

.06 

I 

I 

1 

.  78 

.15 

.29 

.03 

.05 

1 

1 

10 

1 

.  ft 

•  15 

.27 

.03 

•  05 

1 

I 

11 

1 

.  7S 

•  15 

.25 

.03 

•  05 

I 

I 

13 

i 

.  72 

.14 

.22 

.03 

.04 

1 

1 

IS 

1 

.69 

•  14 

.20 

.02 

.04 

I 

1 

1/ 

1 

•  66 

•  13 

•  lb 

.02 

.04 

I 

I 

19 

1 

•  62 

•  13 

•  1 6 

.02 

.03 

1 

I 

21 

1 

•  S8 

.12 

.15 

•  02 

.03 

I 

I 

23 

1 

•  SS 

.11 

•  14 

.02 

.03 

I 

1 

27 

1 

.4V 

•  lU 

.12 

.01 

.03 

I 

I 

31 

1 

.44 

.09 

•  11 

.01 

.02 

I 

I 

3S 

1 

•  hO 

•  08 

.10 

•  01 

.02 

I 

I 

1 

I 

TABLE  B-14.  F-15  WORSTS  CASE  DOWNFIELD  CONCENTRATIONS 


AlRtHAM  F  lb 


NORMAL  1  LiU 


atmospheric  CONUITIONS 
stability  CATEfaOMY  o 
BIND  SHEtO  (METtHS/StCONO) 
wiNU  OIRECTIUN  TAILWINU 

TEMHEKaTURE  IF)  .J8.00 
MIXING  UEHTtI  IMETERS)  llb.UO 


nORbT  case 


1.00 


I 

I 

I 

I 

I 

I 

DISTANCE 
FROM 
STAR!  OF 
TAKE-OFF 
(KM) 

1 

I 

1 

RECEPTOR 

CONCENTRATION  DATA 

1 

1 

1 

1  -• 
1 

I 

CO 

(MICrOGRAMS/Co. 
HC  NOX 

METER) 

PT 

1 

S02  1 

1' 

I 

b 

•1  -* 

1 

I 

•  7b 

•  11 

•  31 

•  01 

1 

•  07  1 

I 

b 

I 

•  bb 

•  10 

•  2/ 

•  01 

•  Ob  1 

I 

7 

1 

•  b4 

•  0*# 

•  24 

•  01 

•  0^  I 

I 

b 

1 

•  bt 

•  ov 

•  2c 

•  01 

•  Ob  1 

1 

y 

I 

•  bU 

•  Ua 

•  20 

•  01 

•  Ob  1 

I 

10 

1 

•  bU 

•  Ob 

•  IV 

•  01 

•  Ob  1 

I 

11 

I 

•  bS 

•  Ob 

•  lb 

•  01 

•  04  1 

I 

13 

1 

.b7 

•  Ob 

•  17 

•  01 

•  04  1 

I 

lb 

I 

•  bb 

•  Ob 

•  lb 

•  01 

•  04  1 

I 

17 

I 

.b2 

•  07 

•  14 

•  01 

•  04  1 

I 

1*^ 

1 

•  bO 

•  07 

•  13 

•  01 

•  03  1 

I 

21 

I 

.47 

•  Ob 

•  12 

•  00 

•  03  1 

I 

23 

1 

•  44 

•  Ob 

•  11 

•  00 

•  0  3  1 

1 

27 

I 

.40 

•  Ob 

•  10 

•  00 

•  03  1 

I 

31 

I 

•  Ob 

•  0'^ 

•  00 

•  02  1 

I 

3b 

1 

•  3J 

•  04 

•  Ob 

•  00 

•  02  I 

I 

1 

_ 

1 

TABf^  B-15.  F-16  WORST- CASE  DOWNFIELD  CONCENTRATIONS 


AIMCWAFT  f-16 


ATMOSPMtHIC  CUNuiriONb  WOXS 
STAdlLlTY  CATEbOMY  6 
WIND  SPEED  (METEWS/SECOND) 

WIND  direction  tailwind 

TEMPERATURE  (F)  36.00 

MIXING  depth  (mETEhS)  115.00 


NORMAL  1 
WORST  CASE 


distance 

1 

1 

RECEPTOR 

concentration  Data 

FROM 

1 

Q  T  AU  T  ftC 

take-off 

i  • 

I 

<MICR06HAMS/CU. 

METER) 

(KM) 

1 
■  f 

LU 

HC 

NOf 

PT  S02 

5 

i  • 

1 

I 

.<!4 

•  03 

•  26 

•  00 

.02 

6 

1 

.21 

.03 

•  23 

.00 

•  02 

1 

I 

.21 

•  03 

•  20 

•  00 

.02 

6 

I 

.22 

•  03 

.16 

.00 

.02 

H 

1 

.24 

.03 

.17 

.00 

.02 

10 

I 

.26 

•  04 

.16 

•  00 

.02 

11 

1 

•  04 

•  15 

•  00 

•  02 

13 

1 

.32 

.04 

.14 

•  00 

•  02 

15 

I 

.34 

.05 

•  13 

.00 

.02 

17 

1 

.34 

•  05 

.12 

•  00 

•  02 

IV 

1 

.  34 

•  05 

.12 

•  00 

•  02 

2\ 

I 

.33 

•  04 

.11 

•  00 

.02 

23 

1 

.32 

.04 

.10 

•  00 

.02 

2/ 

I 

.30 

•  04 

.09 

.00 

.01 

31 

1 

.27 

•  04 

•  06 

.00 

.01 

35 

1 

1 

•  25 

.03 

•  07 

.00 

.01 

% 

U 

5® 


.»w 


TABLE  B-16.  F-lllA  WORST- CASE  DOWNPIELD  CONCENTRATIONS 


AlHtHAKT  F  lllA  NOKMAL  i  LTU 

atmosphehic  conditions  kowst  Case 

STAoILITY  CaTEGOHY  6 
WIND  SPEED  (METERS/SECONO)  l.UO 
WINU  DIRECTION  TAlLWiNO 
TEMPERATURE  (F)  JO. 00 
MIXING  depth  (METERS)  Ub.OO 


j 

1 

DISTANCE  1 
FROM  I 

RECEPTOR  concentration  DATA 

I 

I 

d  1  AH  1  ur  1  ••• 

TAAE-OFF  1 
(KM)  1 

CO 

(MICROGHAMS/CU.  METER) 

HC  NOX  PT 

S02 

•  i 

I 

1 

t 

* 

"  1  ' 

•  i 

I 

I 

s 

1 

2.d0 

2.10 

.  79 

.12 

.11 

I 

6 

I 

2*63 

2.01 

.67 

.10 

•  09 

I 

/ 

I 

2.b4 

1.96 

.59 

•  Od 

•  09 

1 

6 

1 

2.4b 

1.94 

.53 

.07 

•  06 

I 

y 

I 

2.43 

1.92 

.46 

.07 

.07 

I 

10 

I 

2.39 

1.90 

.44 

.06 

.07 

I 

U 

i 

2.35 

l.bb 

.41 

.06 

.07 

I 

IJ 

1 

2.24 

l.dl 

.36 

.05 

.06 

I 

lb 

1 

2.12 

1.72 

.32 

.04 

•  Ob 

I 

17 

1 

1.99 

1.62 

.29 

.04 

.05 

I 

19 

i 

1.07 

1 .52 

.2/ 

.03 

•  Ob 

I 

21 

1 

1.7b 

1.43 

.24 

.03 

.04 

I 

23 

I 

1.6b 

1.3b 

.23 

.03 

.04 

1 

2t 

I 

1.47 

1.20 

.20 

•  02 

•  04 

I 

31 

I 

1.32 

1.U8 

.  lo 

.02 

•  03 

I 

3S 

I 

1.19 

.96 

.  lb 

.02 

.03 

I 

1 

I 

TABLE  B-17.  F-lllD  WORST-CASE  DOWNFIELD  CONCENTRATIONS 


AlWtHAI-T  KlllU 


ATMUbHMtHiC  COiMUlTiONS  wOHb 
STAbILlTY  CATtbOWr  b 
•tINU  SMEtD  (METtwb/SECOND) 
WlNU  OIHECTION  TAlLilINU 

TtMHE«ATUkt  (F)  Jtt.OO 
MIXING  OEHTn  (MtTtrtb)  lib. 00 


NUKHAL  1 
wORbT  CASE 


UlbTANCt 
f-  RUM 

blART  OF 
TAKE-OFF 
(KM) 


receptor  concentration  data 


(MICROGRAMS/CU.  METER) 
MC  NUX  PT 


b 

I 

2.10 

.71 

1.17 

.02 

.14 

I 

b 

1 

1 .9d 

.  b8 

1.00 

.02 

.12 

I 

I 

1.91 

.b7 

.89 

.01 

.11 

I 

n 

1 

1  .bb 

.  bb 

.80 

.01 

.10 

I 

9 

1 

l.bJ 

.  6b 

.73 

.01 

.09 

1 

10 

1 

1.80 

.bb 

.67 

.01 

.09 

I 

11 

I 

1.  /b 

.64 

.62 

.01 

.08 

I 

IJ 

I 

1  .bb 

.62 

.5b 

.01 

.08 

I 

lb 

1 

l.b9 

.59 

.49 

.01 

.07 

I 

17 

1 

1  .-fV 

.5b 

.44 

.01 

.06 

I 

19 

I 

1.40 

.52 

.40 

.01 

.06 

I 

21 

I 

1.32 

.49 

.37 

.01 

.Ob 

I 

23 

1 

1.24 

.46 

.34 

.01 

.05 

1 

27 

1 

1.10 

.41 

.30 

.00 

.04 

1 

31 

I 

.99 

.37 

.26 

.00 

.04 

I 

3b 

1 

.89 

.33 

.23 

.00 

.03 

I 

93 


TABLE  B-18.  F-lllF  WORST-CASE  DOWNFIELD  CONCENTRATIONS 


AlKCKAFT  UllF  NO«MAL  1  LlO 

ATMUSHrlEHiC  CUNUITIONb  NUHbT  CASE 
STAbILlTY  CaTEGOHY  b 
WIND  SPEED  (METEPS/SECUNO)  l.UO 
WiNU  DIPECTION  tailwind 

TEMPEHATURE  (F)  JB.OO 
MIXING  depth  (METEhS)  llb.OO 


I 

I 

I 

DISTANCE 

FROM 

I 

1 

I 

RECEPTOR 

concentration  data 

1 

I 

I 

T 

1 

I 

I 

^  1  A  M  1  U  V 

TAKE-OFF 

(KM> 

1  •• 

1 

i 

CO 

(MICHOGHAMS/CU. 
HC  NOX 

METER) 

PT 

S02 

•  1 
I 
I 

,  f 

i 

I 

I 

b 

“i  — • 
1 

1 

2a  14 

.73 

1.17 

.02 

.14 

I 

1 

I 

b 

1 

2.01 

.6P 

l.Ul 

•  02 

.12 

I 

I 

f 

I 

1.P3 

.68 

.8*# 

.01 

•  11 

I 

I 

H 

i 

l.bb 

•  67 

•  8U 

.01 

.10 

I 

I 

V 

I 

1.84 

•  66 

.  73 

.01 

•  OV 

1 

I 

10 

I 

1.81 

.6b 

•  67 

.01 

•  UP 

I 

I 

1  1 

I 

1.  78 

.6b 

.6^ 

•  01 

•  Ob 

I 

I 

li 

I 

l.bP 

.62 

.55 

•  01 

•  Ob 

I 

I 

la 

I 

l.bO 

.bb 

.4V 

.01 

.07 

1 

I 

ir 

I 

i.bO 

.b6 

.44 

.01 

.06 

I 

I 

IP 

I 

1.41 

.b2 

•  40 

.01 

•  06 

I 

1 

I 

1.S2 

.4V 

•  37 

.01 

•  05 

I 

I 

as 

I 

1 .24 

•  46 

•  34 

.01 

.05 

I 

I 

27 

1 

1.10 

.41 

•  30 

.00 

.04 

1 

I 

ii 

I 

.P9 

.37 

•  27 

•  00 

.04 

I 

I 

Jb 

I 

.8V 

.34 

.23 

.00 

•  03 

I 

I 

1 

I 

TABLE  B-19.  KC-135A  WORS'I^CASE  DOWNFIELD  CONCENTRATIONS 


AIWCKA^T  KC  i3bA  NUKMAL  1  LTO 

ATMubHufHlC  CUNUITIONb  wOHSl  CASt 
STAdlLITY  CATtbUKY  b 
WIND  SHEtU  (METtHS/btCONU>  1.00 
MINU  OlPECriON  TAILWINU 

TtMf'tRATUPE  (F)  itt.OO 
MlXlNb  depth  (HtrtHS)  11b. 00 


1 

1 

I 

1 

I 

I 

T  , 

DlbTMNCE 
h  HUM 

1 

1 

1 

RECEPTOK 

concentration  OATa 

1 

1 

I 

j  1  1  r 

taae-off 

(KM) 

i 

1 

1 

CO 

(MiCHObMAHS/Cu. 
HC  NUX 

METER) 

PT 

SU2 

•  i 
1 
1 
,  f 

1  • 
1 

I 

b 

i  •• 

1 

1 

b.Ub 

7.0b 

•  bb 

•  Ob 

.lb 

I 

1 

1 

b 

I 

ti.O^ 

b. 

.72 

•  Ob 

.lb 

I 

I 

7 

I 

7 .  '♦b 

b.OO 

•  b3 

.04 

•  lb 

I 

I 

a 

1 

/.!<; 

b.71 

.b7 

•  04 

.14 

I 

I 

1 

b.b  7 

b.b2 

•  b2 

.03 

.13 

I 

I 

10 

1 

b. b  7 

b.3b 

.40 

.03 

.12 

I 

I 

11 

1 

b.bo 

b.23 

•  4b 

.03 

.12 

I 

I 

1 J 

1 

b.  lb 

4.0b 

.41 

•  03 

.11 

I 

1 

lb 

1 

b.bl 

4.b0 

.02 

.10 

I 

I 

1  / 

1 

b.**/ 

4.41 

•  Jb 

•  02 

.10 

I 

I 

19 

1 

b.U 

4.1b 

.32 

.02 

.00 

I 

I 

1 

A.  b4 

3.01 

•  30 

•  02 

.00 

I 

I 

<?3 

I 

4.bb 

3  .  bb 

•  2b 

.02 

•  Ob 

I 

I 

27 

1 

4.0  7 

3.20 

•  24 

.02 

.07 

1 

I 

J1 

1 

J.b  7 

2.0b 

•  22 

.01 

.06 

I 

I 

Jb 

1 

J.  JJ 

2.b0 

•  20 

.01 

.06 

1 

1 

1 

I 

95 


TABLE  >3-20.  0-2  WORST- CASE  DOWNFIELD  CONCENTRATIONS 


aIWCHAKT  0  I  NUHKAL  1  LIO 

ATMUbPMEHIC  CONUlTIONb  wOhST  CASE 
STAttlLlTY  CATtCOHY  b 
WIND  SKEED  (METEHS/SECONO)  1.00 
MlNU  UIRECUUN  rAlLMliYD 

TEMHEKATUHt  (F)  id. 00 
MlAiN6  OtPlrt  (MtTEHS)  US. 00 


1 

I 

I 

I 

i 

I 

r  , 

OlSTANCt 
r  HUM 

C.  T  AU  T  itt 

1 

1 

1 

1 

HECEPTOK 

CONCENTHATION  DaTA 

I 

1 

I 

take-off 

(KM) 

1 

i 

I 

CO 

(MiCHOtiHAMS/CU. 
MC  NOX 

METER) 

PT 

I 

sot  1 

1  *  • 

I 

1 

I 

I 

s 

1 

1.4<; 

.lA 

.01 

.0/ 

.00  1 

I 

b 

1 

i.E4 

.12 

•  00 

•  06 

.00  I 

I 

7 

1 

1.13 

.11 

•  00 

•  06 

.00  I 

I 

d 

1 

1.07 

.11 

.00 

•  Os 

.00  I 

I 

H 

I 

l.Ui 

.11 

.00 

•  OS 

.00  I 

I 

10 

1 

1.01 

•  11 

.00 

•  OS 

.00  I 

I 

1  1 

1 

•  12 

.00 

•  OS 

.00  I 

1 

li 

i 

.12 

.00 

•  OS 

.00  I 

1 

Is 

1 

•  "it 

•  12 

•  00 

•  OS 

.00  I 

I 

1  ( 

1 

•  dd 

•  11 

.00 

•  OS 

.00  I 

I 

IH 

I 

•  dA 

•  11 

.00 

•  OS 

.00  1 

I 

El 

1 

.7V 

•  11 

•  00 

.05 

.00  I 

I 

23 

I 

.7S 

.10 

•  00 

•  OA 

•  00  1 

I 

27 

I 

.dd 

•  OV 

•  00 

.04 

0.00  1 

1 

31 

1 

.dl 

•  Od 

•  00 

•  Oa 

0.00  1 

I 

3S 

I 

.Sb 

•  Od 

•  00 

•  03 

0.00  1 

I 

1 

I 

I 


P  ,«■'!  J«i  Ji  HJ"^ 


,  TABLE  B-21.  OV-10  WORST- CASE  DOWNFIELD  CONCENTRATIONS 

i 


AlHCHAf-r  OViU  NOKMAL  I  LfO 

ATMUbPhtKiC  CONUlTIONb  mOMST  CASE 
bTAblLlTY  CATtOOPY  o 
WIND  SPttU  (MfcTEPS/StCONU)  l.OO 
»PINU  DIRECTION  TAIL«IN0 

TEMPtHATUHt  (F)  id. 00 
MIXING  OEPTn  (MtTtHS)  lib.OO 


I 

1 

I 

I 

I 

I 

distance 

FPUM 

start  uf 

TAKt-OEE 

(KM) 

I 

1 

1 

receptoh 

CUNCENTRATION  DATA 

I 

1 

I 

•  r 

1  “  • 

I 

I 

CO 

(HIChOGRAMS/CO. 
HC  NOX 

METER) 

PT 

SUd 

i 

I 

1 
•  T 

1  • 

•  A  •• 

I 

i 

I 

I 

“i 

1 

.  1  T 

.04 

.11 

.01 

.01 

1 

I 

b 

1 

.lb 

.04 

•  OV 

.01 

.01 

I 

I 

1 

1 

•  1<» 

.04 

•  Ob 

•  01 

.01 

I 

I 

b 

I 

.13 

.04 

•  Ob 

.01 

.01 

1 

I 

s 

I 

.13 

•  04 

.07 

•  00 

.01 

I 

I 

lu 

I 

.13 

.04 

.07 

•  00 

.01 

I 

I 

1 1 

1 

.13 

•  04 

.07 

.00 

.01 

1 

I 

1 J 

I 

.14 

.04 

.0/ 

.00 

•  01 

I 

I 

lb 

I 

.13 

.04 

•  Oo 

.00 

•  01 

1 

I 

1  7 

1 

.13 

.04 

.06 

.00 

.01 

1 

1 

1'* 

1 

•  12 

•  04 

•  06 

•  00 

.01 

I 

I 

^l 

i 

.12 

.03 

•  Ob 

•  00 

.01 

I 

I 

I 

.11 

.03 

.Ob 

•  00 

.01 

I 

I 

d! 

1 

.10 

•  03 

•  04 

.00 

.01 

1 

I 

31 

1 

.  oy 

.03 

.04 

.00 

.01 

I 

I 

3b 

I 

.  ov 

.03 

.04 

.00 

.00 

1 

I  i  1 


TABLE  b-22.  T-33  WORST- CASE  DOWNFIELD  CONCENTRATIONS 


AIkCKAKT  T  33  NOHMAL  1  LTO 

ATMObPrtEKiC  CONUinONb  nOHST  CASE 
STAoILITY  CaTEGUHY  6 
nINU  speed  (METEWS/SECUNO)  l.UO 
nINl)  OIPECTION  TAlLWlNU 

tempehatowe  (F)  id. 00 

MIXING  DEPTri  IMEIEHS)  Ub.OO 


I 

i 

I 

I 

DISTANCE 

1 

RECEPTOR 

concenthation  data 

1 

I 

FROM 

1 

I 

f 

v:  1  Au r  ne 

1 

1 

I 

J  9  M  \Jf 

T maE-OF  F 

1 

I 

(M1CR06RAHS/CU. 

METER) 

■  1 

I 

I 

(KM) 

1 

CO 

MC 

NOX 

PT 

SU2 

I 

f  , 

•  1  «« 

1  • 

1  * 

•  1 

I 

1 

I 

I 

b 

I 

1  .db 

.24 

•  Ob 

.01 

.02 

1 

I 

b 

1 

1  •6b 

•  22 

.04 

.01 

.02 

I 

1 

y 

I 

l.bA 

.21 

.04 

.01 

.02 

I 

I 

« 

1 

1  •  4t> 

.20 

•  03 

.01 

.02 

I 

I 

i 

1.40 

.19 

.03 

.01 

.01 

I 

I 

lu 

1 

1.36 

.19 

.03 

.01 

.01 

I 

I 

11 

I 

1.32 

•  Id 

.03 

•  01 

.01 

I 

I 

13 

1 

1.23 

.17 

.02 

.01 

.01 

I 

I 

lb 

1 

1.1b 

•  16 

.02 

.01 

.01 

I 

1 

1  y 

1 

l.ud 

.lb 

.02 

.01 

.01 

1 

I 

I'y 

1 

1.01 

.14 

•  02 

.01 

.01 

I 

I 

21 

1 

.s»<» 

.13 

•  02 

.01 

.01 

I 

I 

23 

I 

.13 

.02 

.01 

.01 

I 

I 

21 

I 

•  yd 

.11 

.01 

.00 

.01 

1 

I 

31 

1 

.  yo 

•  lu 

.01 

.00 

.01 

1 

I 

3b 

1 

»o3 

.09 

.01 

.00 

.01 

I 

1 

1 

1 

TABLE  b-23.  T-37  WORST- CASE  DOWNFIELD  CONCENTRATIONS 


AlWCHAhT  T  37  NOHMAL  1  L FU 

ATMOSPMEKIC  CONOlTIONb  WOWST  CASE 

stability  category  6 

WINU  SPEED  (METERS/SECUNO)  1.00 
MliMU  DIRECTION  TAILWIND 

TEMPEMATUHt.  (F)  3a. 00 

MIXING  depth  (METEKS)  llS.OO 


«■  m 

DISTANCE 

FROM 

SI  ART  OF 
TAAE-OFF 
(KM) 

1 

1 

I 

1  «■« 

RECEPTOR 

concenThation  data 

I 

1 

I 

1 

1 

1 

CO 

(MICR06RAMS/CU. 
HC  NOX 

METER) 

PT 

SD2 

I 

I 

1 

1  •• 

1 

X 

S 

1 

l.uu 

.13 

.02 

•  00 

.01 

I 

o 

1 

•  ■^0 

.12 

.02 

.00 

•  01 

I 

/ 

1 

•  Bb 

.11 

.02 

•  00 

.01 

I 

o 

1 

•  Bl 

.11 

.02 

.00 

•  01 

1 

1 

•  /B 

.11 

•  02 

•  00 

.01 

1 

10 

1 

•  /b 

.10 

.01 

.00 

.01 

I 

11 

1 

•  74 

.10 

.01 

•  00 

•  01 

I 

13 

1 

.  70 

.10 

.01 

•  00 

•  01 

1 

IS 

1 

•  bb 

.09 

.01 

•  00 

.01 

1 

1  / 

1 

.61 

.09 

.01 

.00 

.01 

I 

1'^ 

1 

.b7 

.OB 

.01 

.00 

.01 

I 

^1 

1 

.64 

.OB 

•  01 

•  00 

.01 

I 

dJ 

I 

.bO 

.07 

.01 

•  00 

•  00 

1 

d/ 

1 

.4b 

.06 

•  01 

•  00 

•  00 

1 

31 

1 

.40 

.06 

.01 

•  00 

1 

3b 

1 

.36 

.Ob 

.01 

•  00 

I 

I 

I 

'■•'.'V  Vi' 


TABLE  B-26.  T-41  WORST-CASE  DOWNFIELD  CONCENTRATIONS 


AIHLHAKT  r  41  NOHMAL  1  LTU 

ATMUbHtlEHlC  CUNUlTIONb  «OHST  CASE 
STAbiLlTY  CaTEOUHY  6 
W1NI>  SPEEU  (METEHS/SECONU)  1.00 
WINU  DIWECTlON  TAlLWlNO 

TEMHEMATURt  (K)  Jo. 00 
HlAlNb  OERTn  (MEYERS)  llb.OO 


M  m 

I 

I 

I 

I 

I 

I 

UlSTANCb 

FROM 

1 

I 

1 

kECERTOk 

CONCENThATIuN  oata 

I 

I 

I 

^  1  A  ^  1  w  ■ 

Take-off 

(KM) 

i  •• 
1 

I 

CO 

(MlCRO<iRAMS/CU. 
HC  NOX 

METER) 

PT 

SO£ 

•  A 

I 

1 

i  " 

I 

I 

s 

•1  •• 

1 

1 

.  M 

•  Of 

.00 

•  OJ 

0.00 

•  1 
I 
I 

I 

6 

I 

.64 

•  06 

•  00 

•  03 

O.OO 

I 

1 

1 

1 

•  r>7 

•  06 

.00 

.03 

0.00 

1 

I 

b 

I 

.b3 

•  06 

•  00 

.03 

O.OO 

I 

1 

V 

1 

.bO 

•  Ob 

.00 

.03 

0.00 

I 

I 

10 

1 

.46 

•  Ob 

•  00 

.02 

0.00 

1 

I 

11 

1 

•  46 

•  Ob 

•  00 

.02 

0.00 

I 

I 

IJ 

1 

•  4J 

•  Ob 

.00 

.02 

0.00 

I 

1 

lb 

1 

•  40 

•  Ob 

•  00 

•  02 

0.00 

1 

I 

U 

I 

.3/ 

•  Ob 

•  00 

.02 

0.00 

1 

1 

1*^ 

I 

.ib 

•  04 

.00 

.02 

0.00 

I 

1 

21 

1 

.33 

•  04 

.00 

.02 

0.00 

I 

I 

2J 

1 

.31 

.04 

•  00 

.02 

0.00 

I 

I 

2f 

1 

•  27 

•  04 

•  00 

.02 

0.00 

1 

I 

31 

I 

•  do 

•  03 

.00 

.01 

0.00 

1 

I 

3b 

1 

•  dd 

•  03 

•  00 

.01 

0.00 

1 

1 

1 

I 

102 


B-27.  BIA  WORST-CASE  DOWNFIELD  CONCENTRATIONS 

AIRCRAFT  B-IA  NORMAL  1  LTO 

ATMOSPHERIC  CONDITIONS  WORST  CASE 
STARTILTY  CATEGORY  6 
WIND  SPEED  (METERS/ SECOND)  1.00 
WIND  DIRECTION  TAILWIND 
TEMPERATURE  (F)  38.00 

MIXING  DEPTH  (METERS)  115.00 


DISTANCE 

RECEPTOR  CONCENTRATION  DATA 

FROM 

START  OF 

TAKE-OFF 

(MICROGRAMS/CU. 

METER) 

(KM) 

CO 

HC 

NOx 

PT 

S02 

3 

42.58 

2.84 

9.02 

.10 

1.87 

4 

47.31 

4.83 

8.45 

.13 

1.79 

5 

43.35 

5.64 

6.69 

.14 

1.44 

6 

40.18 

5.94 

5.57 

.14 

1.22 

7 

33.. 85 

5.52 

4.24 

.13 

.94 

8 

28.61 

4.83 

3.44 

.11 

.77 

9 

24.59 

4.22 

2.90 

.10 

.65 

11 

21.51 

3.72 

2.50 

.09 

.56 

13 

19.10 

3.32 

2.21 

.08 

.50 

15 

17.18 

3.00 

1.98 

.07 

.45 

17 

14.31 

2.51 

1.64 

.06 

.37 

19 

12.28 

2.16 

1.41 

.05 

.32 

21 

10.77 

1.89 

1.23 

.04 

.28 

ATMOSPHERIC  CONDITIONS  AVERAGE  CASE 

STABILITY  CATEGORY 

WIND  SPEED  (METERS/SECOND)  3.90 

WIND  DIRECTION  HEADWIND 

TEMPERATURE  (F)  55.00 

MIXING  DEPTH  (METERS)  975.00 


DISTANCE 

RECEPTOR  CONCENTRATION  DATA 

FROM 
START  OF 
TAKE-OFF 
(KM) 

CO 

HC 

(MICROGRAMS/CU. 

NOx 

METER) 

PT 

S02 

3 

19.25 

.89 

4.65 

.05 

.95 

4 

16.49 

1.39 

3.19 

.03 

.67 

5 

10.41 

.71 

2.20 

.02 

.45 

6 

8.16 

.60 

1.71 

.02 

.35 

7 

6.14 

.60 

1.18 

.02 

.25 

H 

4.98 

.57 

.90 

.02 

.19 

9 

4.10 

.50 

.72 

.01 

.15 

11 

3.44 

.43 

.59 

.01 

.13 

13 

3.09 

.38 

.54 

.01 

.11 

15 

2.56 

.33 

.44 

.01 

.09 

17 

1.88 

.25 

.32 

.01 

.07 

19 

1.43 

.19 

.24 

.01 

.05 

21 

1.13 

.16 

.19 

.00 

.04 

(The  reverse  of  this  page  is  blank) 


